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ABSTRACT
In this paper, we present the properties of 10 halo globular clusters with luminosities L ≃ 5−7×105L⊙ in the
Local Group galaxy M33 using the images of Hubble Space Telescope Wide Field Planetary Camera 2 in the
F555W and F814W bands. We obtained ellipticities, position angles and surface brightness profiles for them.
In general, the ellipticities of M33 sample clusters are similar to those of M31 clusters. The structural and
dynamical parameters are derived by fitting the profiles to three different models combined with mass-to-light
ratios (M/L values) from population-synthesis models. The structural parameters include core radii, concen-
tration, half-light radii and central surface brightness. The dynamical parameters include the integrated cluster
mass, integrated binding energy, central surface mass density and predicted line-of-sight velocity dispersion at
the cluster center. The velocity dispersions of four clusters predicted here agree well with the observed disper-
sions by Larsen et al. The results here showed that the majority of the sample halo globular clusters are well
fitted by King model as well as by Wilson model, and better than by Se´rsic model. In general, the properties of
clusters in M33, M31 and the Milky Way fall in the same regions of parameter spaces. The tight correlations of
cluster properties indicate a “fundamental plane” for clusters, which reflects some universal physical conditions
and processes operating at the epoch of cluster formation.
Subject headings: galaxies: individual (M33) – galaxies: star clusters: general – galaxies: stellar content
1. INTRODUCTION
Globular clusters (GCs) are effective laboratories for study-
ing stellar evolution and stellar dynamics. They are ancient
building blocks of galaxies which can help us understand the
formation and evolution of their parent galaxies. In addi-
tion, GCs exhibit surprisingly uniform properties, suggesting
a common formation mechanism. It is well known that study-
ing the spatial structures and dynamics of GCs is of great im-
portance for understanding both their formation condition and
dynamical evolution within the tidal fields of their galaxies
(Barmby et al. 2007).
Structural and dynamical parameters of GCs as de-
scribed by surface brightness and velocity profiles can
be fitted by a number of different models. The mod-
els include those of the empirical, single-mass, modi-
fied isothermal spheres (King 1962, 1966; Wilson 1975),
the isotropic multi-mass (Da Costa & Freeman 1976), the
anisotropic multi-mass (Gunn & Griffin 1979; Meylan 1988,
1989), and the power-law surface-density profiles (Se´rsic
1968; Elson, Fall & Freeman 1987). Since the pioneer work
of Mclaughlin & van der Marel (2005), three models are of-
ten used in the fits. First is based on single-mass, isotropic,
modified isothermal sphere developed by King (1966). Sec-
ond is a further modification of a single-mass, isotropic
isothermal sphere based on the ad hoc stellar distribution
function of Wilson (1975). The third model is based on
the R1/n surface density profile of Se´rsic (1968). Using
the three models, some authors have achieved some suc-
cess in determining structural and dynamical parameters of
clusters in the Local galaxies: the Milky Way, the Large
and Small Magellanic Clouds, Fornax and Sagittarius dwarf
spheroidal galaxies (Mclaughlin & van der Marel 2005), M31
(Barmby et al. 2007, 2009; Wang & Ma 2013), and NGC
5128 (Mclaughlin et al. 2008).
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Due to their proximity, galaxies in the Local Group
provide us with ideal targets for detailed studies of spa-
tial structures and dynamics of GCs. The GCs of the
Milky Way and M31 have received close attention (see
Mclaughlin & van der Marel 2005; Wang & Ma 2013, and
references there). However, before San Roman et al. (2012)
determined structural parameters for 161 star clusters in M33,
structural studies of the star cluster system of M33 are very
limited. Chandar et al. (1999a,b) derived core radii of 60
star clusters in M33 using linear correlations with the mea-
sured full width at half-maximum (FWHM) of each cluster
using the Hubble Space Telescope (HST) images, and found
that core radii of M33 star clusters are smaller on average
than those of Galactic GCs and LMC populous clusters at
similar magnitudes. Larsen et al. (2002) determined struc-
tural parameters for four halo GCs in M33 by fitting King
model (King 1966) to the surface brightness of the HST im-
ages. These authors presented that the four M33 clusters
have similar structural parameters, and fall in the same “fun-
damental plane” and binding energy-luminosity relations as
Milky Way and M31 clusters. Cockcroft et al. (2011) mea-
sured structural parameters of six outer clusters of M33 by
fitting the models of King (1962) and King (1966), and of
Wilson (1975), using the Canada-France-Hawaii Telescope
(CFHT)/MegaCam data as part of the Pan-Andromeda Ar-
chaeological Survey. The structural parameters obtained by
Cockcroft et al. (2011) include the concentration parameter,
and core, half-light and tidal radii. San Roman et al. (2012)
presented detailed morphological properties of M33 star clus-
ters using the HST images. They derived ellipcities and po-
sition angles for 161 star clusters, and found that M33 clus-
ters are more flattened than those of the Milky Way and M31.
They concluded that the cluster flattening of M33 is resulted
from tidal forces. San Roman et al. (2012) also derived struc-
tural parameters for these star clusters including core radii,
concentration, half-light radii and central surface brightness
by fitting the empirical King model (King 1962) and Elson-
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Freeman-Fall model (Elson, Fall & Freeman 1987). The re-
sults of San Roman et al. (2012) showed differences in the
structural evolution between the M33 cluster system and clus-
ters in nearby galaxies. In this paper, we will determine struc-
tural and dynamical parameters for 10 halo GCs in M33 by fit-
ting three structural models (King 1966; Wilson 1975; Se´rsic
1968) to their surface brightness profiles, and compare the
resulting fundamental planes of GC parameters in different
galaxies. Through out this work a distance to M33 of 847 kpc
[(m− M)0 = 24.64] (Galleti et al. 2004) has been adopted. At
that distance, 1 arcsec corresponds 4.11 pc.
This paper is organized as follows. In Section 2, we present
the data-processing steps to derive the surface brightness pro-
files. In Section 3, we determine structural and dynamical
parameters of the clusters and make some comparisons with
previous studies. A discussion on the correlations of the de-
rived parameters is given in Section 4. Finally, we summarize
our results in Section 5.
2. DATA AND ANALYSIS PROCEDURES
2.1. Halo Globular Cluster Sample in M33
The sample of M33 halo GCs in this paper is from
Sarajedini et al. (1998), who originally selected 10 star clus-
ters in M33 based on their halo-like kinematics and red
colors (B − V > 0.6). Sarajedini et al. (1998) considered
that these clusters should be as close an analogy as possi-
ble to the halo clusters in the Milky Way. The observa-
tions used in the present work come from the HST programs
5914, of which the sample star clusters were observed by the
HST/Wide Field Planetary Camera 2 (WFPC2) in F555W and
F814W bands. Each cluster was centered in the PC1 chip,
and was observed with a total exposure time of 4800 s in
F555W band and 5200 s in F814W band (see Sarajedini et al.
2000, for details). We obtained the combined drizzled im-
ages from the Hubble Legacy Archive. Figure 1 shows im-
ages of the sample halo GCs in M33 observed in the F555W
and F814W filters of WFPC2/HST. We want to point out
that Larsen et al. (2002) have determined structural param-
eters for four of the sample clusters by fitting King model
(King 1966) to the surface brightness of the same HST im-
ages as those used in this paper. However, we still selected
them as our sample of GCs because we want to study them
in the way as Mclaughlin & van der Marel (2005) did for the
GCs in the Milky Way, Barmby et al. (2007), Barmby et al.
(2009) and Wang & Ma (2013) did for the GCs in M31, and
Mclaughlin et al. (2008) did for the GCs in NGC 5128. We
will determine not only structural parameters, but also dynam-
ical parameters for the sample clusters. In addition, we will
study correlations between the parameters obtained here com-
bined with those obtained by Mclaughlin & van der Marel
(2005) for Milky Way GCs, and by Barmby et al. (2007) and
Wang & Ma (2013) for M31 GCs (see Section 4). Especially,
Larsen et al. (2002) measured the velocity dispersions for four
sample clusters using high-dispersion spectra from the HIRES
echelle spectrograph on the Keck I telescope. So, we can
compare the velocity dispersions predicted here with those
measured by Larsen et al. (2002) to check our results. In ad-
dition, another sample halo GC (U137) had been studied by
Chandar et al. (1999a,b) and San Roman et al. (2012) using
the HST images different from those used here. Chandar et al.
(1999a,b) derived core radii of U137 using linear correlations
with the FWHM. San Roman et al. (2012) derived structural
parameters of U137 including core radii, concentration, half-
light radii and central surface brightness.
When we calculate the mass-to-light ratios (M/L values)
which are used to derive the dynamical parameters, the ages
and metallicities are used. In this paper, we used the ages
and metallicities obtained by Ma et al. (2002) and Ma et al.
(2004). Ma et al. (2002) estimated the ages of these M33
halo GCs based on the integrated spectral energy distributions
(SEDs) obtained by the Beijing–Arizona–Taipei–Connecticut
(BATC) system with 13 intermediate-band filters. These au-
thors fitted the SEDs with the simple stellar population (SSP)
model to determine the ages of star clusters. Chandar et al.
(2002) also estimated the ages of these clusters by compar-
ing the integrated photometry of them with the SSP model
in the color–color diagram. Ma et al. (2004) showed that the
ages estimated by Ma et al. (2002) are in good agreement
with those estimated by Chandar et al. (2002) (see Table 1
of Ma et al. 2004 for details). Park et al. (2009) estimated
ages and metallicities of 100 star clusters in M33 including
four sample star clusters by fitting the theoretical isochrones
to the observational color-magnitude diagrams. In general,
the ages obtained by Park et al. (2009) are younger than those
in Chandar et al. (2002) and Ma et al. (2002). For the metal-
licities of the sample star clusters, some works (Cohen et al.
1984; Christian & Schommer 1988; Brodie & Huchra 1991;
Sarajedini et al. 1998, 2000; Ma et al. 2004) determined them.
Using two reddening-independent techniques, Cohen et al.
(1984) determined the metallicities for four sample clusters.
Using the integrated spectra, Christian & Schommer (1988)
estimated the metallicities for seven sample clusters, and
Brodie & Huchra (1991) estimated the metallicities for five
sample clusters, respectively. Sarajedini et al. (1998, 2000)
estimated the metallicities for these 10 sample star clusters
based on the shape and color of the red giant branch obtained
using the images of the HST/WFPC2. Ma et al. (2004) esti-
mated the metallicities of 31 M33 old star clusters including
these 10 sample clusters based on the SSP model and the pho-
tometries of the BATC intermediate-band filters. From Table
5 of Ma et al. (2004) and their discussions, we can see that
the results of Ma et al. (2004) are consistent with those pub-
lished by previous studies. The reddening values of nine sam-
ple clusters were obtained by Sarajedini et al. (1998) except
for R14. For R14, Ma et al. (2002) determined its redden-
ing value. In this paper, we adopted the reddening values of
the sample clusters obtained by Sarajedini et al. (1998) and
Ma et al. (2002). The BVI magnitudes of eight sample clus-
ters are from Ma (2012) and Ma (2013), who presented new
UBVRI photometry for 626 star clusters and candidates in
M33 including eight sample clusters (except for R12 and R14)
using archival images from the Local Group Galaxies Survey
(Massey et al. 2006). The BVI magnitudes of R12 and R14
are from Christian & Schommer (1988). Galactocentric dis-
tances of the sample clusters from Sarajedini et al. (1998) are
adopted here. The parameters of the sample star clusters are
listed in Table 1, which will be used in following sections.
2.2. Ellipticity, Position Angle, and Surface Brightness
Profile
The data analysis procedures to measure surface bright-
ness profiles of clusters have been described in Barmby et al.
(2007). Here we briefly summarize the procedures. Surface
photometries of each cluster were obtained from the drizzled
images, using the iraf task ellipse. The center position of a
sample cluster was fixed at a value derived by object locator of
ellipse task, however an initial center position was determined
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Fig. 1.— Images of halo GCs in M33 observed in the F555W and F814W filters of WFPC2/HST. The image size is 11.25′′ × 11.25′′ for each panel.
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by centroiding. Elliptical isophotes were fitted to the data,
with no sigma clipping. We ran two passes of ellipse task,
the first pass was run in the usual way, with ellipticity and
position angle allowed to vary with the isophote semimajor
axis. In the second pass, surface brightness profiles on fixed,
zero-ellipticity isophotes were measured, since we choose to
fit circular models for the intrinsic cluster structure and the
point spread function (PSF) as Barmby et al. (2007) did. In
order to derive required smooth profiles by ELLIPSE, we fil-
tered the images of the sample clusters with an median filter
except for R12 and R14, since the profiles of these two clus-
ters are smooth enough. As San Roman et al. (2012) adopted,
we filtered the images of the sample clusters with an 11 × 11
pixel2 median filter except for H10 and C20. For C20, we
filtered its images with an 20 × 20 pixel2 median filter, and
for H10, we filtered its images with an 30 × 30 pixel2 median
filter, in order to derive smooth profiles of these two clusters.
Figures 2 and 3 plot the ellipticity (ǫ = 1 − b/a) and posi-
tion angle (P.A.) as a function of the semimajor axis (a) in the
F555W and F814W bands for the sample clusters. The errors
were generated by the iraf task ellipse, in which the ellipticity
errors were obtained from the internal errors in the harmonic
fit, after removal of the first and second fitted harmonics. Fig-
ure 2 shows that the ellipticities are generally large at small
radii for most sample clusters. Figure 3 shows that the posi-
tion angles are occasionally wildly varying for some sample
clusters. This is likely to be produced by internal errors in the
ellipse. In the far outer parts of the clusters, the ellipticities
and the position angles are poorly constrained due to the low
signal-to-noise ratio. It is true that the ellipticities are very
different between small radii and large radii for most sample
clusters. So, the final ellipticity and position angle for each
cluster were calculated as the average of the values between
0.2 and 1.5 arcsec (indicate by dashed lines in Figures 2 and
3) obtained in the first pass of ellipse, where the quantities are
more stable. Table 1 lists the average ellipticity and position
angle for every star cluster. Errors correspond to the standard
deviation of the mean. In addition, the ellipticities in the dif-
ferent bands are very different at small radii, since the random
fluctuations due to individual stars make the fits meaningless
at small radii.
Raw output from package ellipse is in terms of
counts s−1 pixel−1, which needs to multiply by 494 =
(1 pixel/0.045 arcsec)2 to convert to counts s−1 arcsec−2. A
formula is used to transform counts to surface brightness in
magnitude calibrated on the vegamag system,
µ/mag arcsec−2 = −2.5 log(counts s−1 arcsec−2) + Zeropoint.
(1)
As noted by Barmby et al. (2007), occasional oversubtrac-
tion of background during the multidrizzling in the automatic
reduction pipeline leads to “negative” counts in some pixels,
so we worked in terms of linear intensity instead of surface
brightness in magnitude. With updated absolute magnitudes
of the sun M⊙ from Table 2 of Wang & Ma (2013), the equa-
tion for transforming counts to surface brightness in intensity
is derived,
I/L⊙ pc−2 ≃ Conversion Factor × (counts s−1 arcsec−2). (2)
Converting from luminosity density in L⊙ pc−2 to surface
brightness in magnitude was done according to
µ/mag arcsec−2 = −2.5 log(I/L⊙ pc−2) + Coefficient. (3)
The Zeropoints, Conversion Factors, and Coefficients used
in these transformations for each filter are from Table 2 of
Wang & Ma (2013). In this paper, the final, calibrated in-
tensity profiles for the sample GCs but with no extinction
corrected are listed in Table 2. The reported intensities
are calibrated on the vegamag scale. In Table 2, column
6 gives a flag for each point, which has the same meaning
as Barmby et al. (2007) and Mclaughlin et al. (2008) defined.
The points flagged with“OK” are used to constrain the model
fit, while the points flagged with “DEP” are those that may
lead to excessive weighting of the central regions of clusters
(see Barmby et al. 2007; Mclaughlin et al. 2008, for details).
In addition, points marked with “BAD” are those individ-
ual isophotes that deviated strongly from their neighbors or
showed irregular features, which were deleted by hand.
2.3. Point-spread Function
The PSF models are critical to accurately measure the
shapes of objects in images taken with HST (Rhodes et al.
2006). In this paper, we chose not to deconvolve the data,
instead fitting structural models after convolving them with
a simple analytic description of the PSF as Barmby et al.
(2007) and Wang & Ma (2013) did for M31 star clusters (see
Barmby et al. 2007; Wang & Ma 2013, for details). A sim-
ple analytic description of the PSFs for the WFPC2 bands
has been given by Wang & Ma (2013), which will be adopted
here.
2.4. Extinction and Magnitude Transformation
When we fit models to the surface brightness profiles of
the sample clusters, we will correct the intensity profiles
for extinction. The effective wavelengths of the WFPC2
F555W and F814W bands are λeff ≃ 5439.0 and 8012.2 Å
(Sirianni et al. 2005). With the extinction curve Aλ taken from
Cardelli et al. (1989) with RV = 3.1, two formulas for com-
puting AF555W and AF814W are derived: AF555W ≃ 2.81 EB−V ,
and AF814W ≃ 1.85 EB−V (also see Table 2 of Wang & Ma
2013). In addition, for easy comparison with catalogs of the
GCs in the Milky Way (see Section 4 for details), we trans-
form the WFPC2 magnitudes in the F555W band to the stan-
dard V . Sirianni et al. (2005) has given transformations from
WFPC2 to standard BVRI magnitudes both on observed and
synthetic methods (see their Table 22). As synthetic trans-
formations are based on larger color range and more safely
employed, they should be considered the norm, unless some
indicated cases (Sirianni et al. 2005). We used the synthetic
transformation from F555W to V magnitude on the vegamag
scale with a quadratic dependence on dereddened (V − I)0.
With the magnitudes in V and I bands and reddening values
listed in Table 1, we found the (V−I)0 values of all the sample
clusters are larger than 0.4. So, the following transformation
formula from Holtzman et al. (1995) was applied here,
(V − F555W)0 = 0.006 − 0.05(V − I)0 + 0.009(V − I)20, (4)
for which we estimated a precision of about ±0.05 mag.
3. MODEL FITTING
3.1. Structure Models
As Barmby et al. (2007), Mclaughlin et al. (2008), and
Wang & Ma (2013) did, we used three structural models to
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Fig. 2.— Ellipticity (ǫ) as a function of the semimajor axis (a) in the F555W (red dots) and F814W (black dots) filters of WFPC2/HST for each sample cluster.
Dashed lines indicate the points of 0.2 and 1.5 arcsec along the semimajor axis.
fit star cluster surface profiles. These models are developed
by King (1966), Wilson (1975), and Se´rsic (1968) (here-
after “King model”, “Wilson model” and “Se´rsic model”).
Mclaughlin et al. (2008) have described the three structural
models in detail, here we briefly summarize some basic char-
acteristics for them.
King model is most commonly used in studies of star clus-
ters, which is the simple model of single-mass, isotropic,
modified isothermal sphere. Wilson model is defined by an
alternate modified isothermal sphere based on the ad hoc stel-
lar distribution function of Wilson (1975), which has more
extended envelope structures than the standard King isother-
mal sphere (Mclaughlin et al. 2008). Se´rsic model has an
R1/n surface-density profile, which is used for parameter-
izing the surface brightness profiles of early-type galaxies
and bulges of spiral galaxies (Baes & Gentile 2011). How-
ever, Tanvir et al. (2012) found that some classical GCs in
M31 which exhibit cuspy core profiles are well fitted by
Se´rsic model of index n ∼ 2 − 6. The clusters with
cuspy cores have usually been called post-core collapse (see
Noyola & Gebhardt 2006, and references therein).
3.2. Fits
After the intensity profiles were corrected for extinction
(see Section 2.4 for details), we fitted models to the bright-
ness profiles of the sample clusters.
We first convolved the three models with PSFs for the filters
used. Given a value for the scale radius r0, we compute a
dimensionless model profile I˜mod ≡ Imod/I0 and then perform
the convolution,
I˜∗mod(R|r0) =
∫∫ ∞
−∞
I˜mod(R′/r0)I˜PSF [(x − x′), (y − y′)] dx′dy′,
(5)
where R2 = x2 + y2, and R′2 = x′2 + y′2. I˜PSF was ap-
proximated using the equation (4) of Wang & Ma (2013) (see
Mclaughlin et al. 2008, for details). The best fitting model
was derived by calculating and minimizing χ2 as the sum of
squared differences between model intensities and observed
intensities with extinction corrected,
χ2 =
∑
i
[Iobs(Ri) − I0 I˜∗mod(Ri|r0) − Ibkg]2
σ2i
, (6)
in which a background Ibkg was also fitted. The uncertainties
of observed intensities listed in Table 2 were used as weights.
We plot the fitting for the sample clusters in Figures 4–
13. The observed intensity profile with extinction corrected
is plotted as a function of logarithmic projected radius. The
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Fig. 3.— Position angle (P.A.) as a function of the semimajor axis (a) in the F555W (red dots) and F814W (black dots) filters of WFPC2/HST for each sample
cluster. Dashed lines indicate the points of 0.2 and 1.5 arcsec along the semimajor axis.
open squares are the data points included in the model fit-
ting, while the crosses are points flagged as “DEP” or “BAD”,
which are not used to constrain the fit (Wang & Ma 2013).
The best-fitting models, including King model (K66), Wilson
model (W), and Se´rsic model (S) are shown with a red solid
line from the left to the right panel, with a fitted Ibkg added.
The blue dashed lines represent the shapes of the PSFs for the
filters used.
As Wang & Ma (2013) did, the values of mass-to-light ra-
tios (M/L values), which were used to derive the dynamical
parameters, were determined from the population-synthesis
models of Bruzual & Charlot (2003), assuming a Chabrier
(2003) initial mass function. The ages and metallicities used
to compute M/L values in the V band are listed in Table 1.
The basic structural and various derived dynamical parame-
ters of the best-fitting models for each cluster are listed in Ta-
bles 3–5, with a description of each parameter/column at the
end of each table (see Mclaughlin et al. 2008, for details of the
calculation). The uncertainties of these parameters were esti-
mated by calculating their variations in each model that yields
χ2 within 1 of the global minimum for a cluster, while com-
bined in quadrature with the uncertainties in M/L for the pa-
rameters related to it (see Mclaughlin & van der Marel 2005,
for details).
At last, we constructed and listed the fundamental plane of
the sample clusters in Table 6, defined by Mclaughlin et al.
(2008) using mass surface density instead of luminosity sur-
face density in the “κ” parameters defined by Bender et al.
(1992).
κm,1 = (logσ2p,0 + log Rh)/
√
2 (7)
κm,2 = (logσ2p,0 + logΣh − log Rh)/
√
6 (8)
κm,3 = (logσ2p,0 + logΣh − log Rh)/
√
3 (9)
3.3. Comparison to Previous Results
Larsen et al. (2002) presented ellipticities, position angles
and surface brightness profiles for four sample clusters (H38,
M9, R12 and U49), and they also determined structural pa-
rameters using King (1966) model fits for them. These au-
thors used the same HS T images as we used here. They fil-
tered the images of the clusters with an 11× 11 pixel2 median
filter. Larsen et al. (2002) presented the ellipticities to be less
than ∼ 0.1 for H38, M9 and R12 comparing with ∼ 0.1 for
M9 and R12 and ∼ 0.2 for H38 obtained here. Larsen et al.
(2002) presented the ellipticity of U49 to be ǫ = 0.10 − 0.15
comparing with ∼ 0.25 obtained here. In fact, Larsen et al.
(2002) only plotted the distributions of ellipticities and posi-
tion angles for four clusters between 0.45 and 4.2 arcsec, and
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Fig. 4.— Surface brightness profiles and model fits to the sample cluster U49, with the data of F555W and F814W bands from top to bottom. The three panels
in each line are fits to, from left to right: King model (K66), Wilson model (W), and Se´rsic model (S). The open squares are the data points included in the model
fitting, while the crosses are points flagged as “DEP” or “BAD”, which are not used to constrain the fit. The best-fitting models are shown with a red solid line.
The blue dashed lines represent the shapes of the PSFs for the filters used.
Fig. 5.— Same as Fig. 4 except that surface brightness profiles and model fits to the sample cluster R12.
did not calculate the average values. When we plot the distri-
butions of ellipticities and position angles for them between
0.45 and 4.2 arcsec, we find that, except for R12, the distri-
butions of ellipticities and position angles for the other three
sample clusters obtained here are in agreement with those
of Larsen et al. (2002). We indicated in Section 2.2 that we
did not filter the images of R12 because its surface bright-
ness profiles are smooth enough (see Figure 5). However,
beyond ∼ 1′′ in the F555W band and ∼ 2′′ in the F814W
band, the ellipticity and the position angle of R12 cannot
be derived here because of low signal-to-noise ratio. Figure
14 compares the values of cluster parameters obtained here
with those in Larsen et al. (2002), including the concentra-
tion c, scale radius r0, and central surface brightness µ0. It
is evident that, in general, our results are in agreement with
those derived by Larsen et al. (2002), and systematic differ-
ences are not found. In addition, Chandar et al. (1999a,b) de-
rived the core radius of U137 (their No. 54) in the F555W
band. San Roman et al. (2012) derived the structural parame-
ters including the core radius, concentration, half-light radius
and central surface brightness for U137 (their No. 22). In
general, our results are in agreement with those in previous
studies. The offset of the core radius of U137 between this
paper and Chandar et al. (1999a,b) (this study minus previous
study) is 0.43 pc in the F555W band. San Roman et al. (2012)
derived the core radius, concentration, half-light radius and
central surface brightness of U137 in the F606W and F814W
bands. The offsets of the core radius, concentration, half-light
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Fig. 6.— Same as Fig. 4 except that surface brightness profiles and model fits to the sample cluster R14.
Fig. 7.— Same as Fig. 4 except that surface brightness profiles and model fits to the sample cluster M9.
radius and central surface brightness of U137 between this
paper and San Roman et al. (2012) (this study minus previ-
ous study) are −0.33 pc, 0.11, −0.50 pc, and 0.14 mag in the
F555W (F606W) band, and −0.64 pc, 0.26, −0.42 pc, and
−0.22 mag in the F814W band. The cluster structural pa-
rameters used to compare here were obtained in Larsen et al.
(2002), San Roman et al. (2012), and this paper by fitting
King model. San Roman et al. (2012) obtained the elliptic-
ity of U137 to be 0.06 in the F606W band comparing with
0.10 in the F555W band obtained here, and to be 0.09 in the
F814W band comparing with 0.13 obtained here. However,
when we calculate the final ellipticity of U137 as the average
of the values between 0.5 and 1.5 arcsec as San Roman et al.
(2012) did, we derive the ellipticity of U137 to be 0.05 and
0.11 in the F555W and F814 bands, respectively, which are in
good agreement with those of San Roman et al. (2012).
3.4. Predicted Velocity Dispersion
One eventual use for the material presented in Section 3.2
should be to facilitate the comparison of dynamical star clus-
ter M/L values to the population-synthesis model values that
we calculated here. For the star clusters of M33, the deter-
minations of M/L values are very limited: only Larsen et al.
(2002) measured observed velocity dispersions for four sam-
ple clusters using high-dispersion spectra from the HIRES
echelle spectrograph on the Keck I telescope. These authors
determined the M/LV values for these four clusters. The up-
per panel of Figure 15 shows the observed versus model ve-
locity dispersions for the sample clusters in question. The
lower panel then shows the square of the ratio of observed
to predicted dispersions, which is equal to the ratio of dy-
namical to population-synthesis M/L. Figure 15 shows that
there is generally good agreement between the observed and
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Fig. 8.— Same as Fig. 4 except that surface brightness profiles and model fits to the sample cluster U77.
Fig. 9.— Same as Fig. 4 except that surface brightness profiles and model fits to the sample cluster H38.
predicted velocity dispersions except for R12. However, it
is true that, because of the limited sample clusters, this con-
clusion should be confirmed based on a large sample objects.
The mean ratio between the observed and predicted veloc-
ity dispersions is σobs/σpred = 0.91, with an interquartile
range of ±0.08. This corresponds to a ratio between dynam-
ical and population-synthesis-derived mass-to-light ratios of
Υ
dyn
V /Υ
pop
V = 0.84 ± 0.15, consistent with the values for this
ratio of 0.82±0.07 presented by Mclaughlin & van der Marel
(2005) for Milky Way and old Magellanic Cloud clusters,
0.73 ± 0.25 presented by Barmby et al. (2007) for M31 GCs,
and 0.81 ± 0.40 published by Mclaughlin et al. (2008) for
NGC 5128 GCs.
3.5. Comparison of Fits in the F555W and F814W Bands
Comparing model fits to the same cluster observed in dif-
ferent bands allows assessment of the systematic errors and
color dependencies in the fits (Barmby et al. 2007). Figure
16 compares the parameters derived from fits to the sample
clusters observed in both F555W and F814W bands. In gen-
eral, the agreement is quite good, with somewhat larger scat-
ter for the Se´rsic (1968) and Wilson (1975) model fits than for
the King (1966) model fits. This result is in agreement with
those presented by Barmby et al. (2007) for M31 star clusters.
However, for some sample clusters, both projected half-light
radius and ratio of half-light to core radius as fit to the F555W
data are a little smaller than those from the F814W data for
the three models.
Because the model-fit results in the two WFPC2 bands are
quite similar, we only consider the F555W model fits from
now on. In addition, fits to clusters in the Milky Way are per-
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Fig. 10.— Same as Fig. 4 except that surface brightness profiles and model fits to the sample cluster C20.
Fig. 11.— Same as Fig. 4 except that surface brightness profiles and model fits to the sample cluster C38.
formed in the V band, allowing us direct comparison without
being concerned about possible color gradients (See Section
4).
3.6. Comparison of Three Model Fittings
In order to determine which model can fit the struc-
ture of clusters best, Mclaughlin & van der Marel (2005) and
Mclaughlin et al. (2008) defined a relative χ2 index, ∆, which
compares the χ2 of the best fit of an “alternate” model with
the χ2 of the best fit of King model,
∆ = (χ2alternate − χ2K66)/(χ2alternate + χ2K66). (10)
If the parameter ∆ is zero, the two models fit the same
cluster equally well. Positive values indicate a better fit
of King model, and negative values indicate the “alternate”
model is a better fit than King model. Figure 17 shows
the relative quality of fit, ∆ for Wilson- and Se´rsic-model
fits (filled and open circles, respectively, in all panels) ver-
sus King-model fits for the sample clusters in this paper.
The ∆ values are plotted as a function of some structural
parameters, including the half-light radius Rh, total model
luminosity Lmod, and the intrinsic average surface bright-
ness 〈µV〉h = 26.358 − 2.5 log(LV/2πR2h). In general, King(1966) model fits the M33 halo cluster data better than Se´rsic
(1968) model. In addition, there is only one cluster which
has ∆ > 0.5 for Wilson-model fits. The remaining clus-
ters have absolute values of ∆ < 0.2 for Wilson-model fits.
So, we consider that King and Wilson models fit equally
well for nearly all of the sample clusters in M33 (except
for one). This result differs from those for the clusters in
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Fig. 12.— Same as Fig. 4 except that surface brightness profiles and model fits to the sample cluster H10.
Fig. 13.— Same as Fig. 4 except that surface brightness profiles and model fits to the sample cluster U137.
NGC 5128 (Mclaughlin et al. 2008) and M31 (Barmby et al.
2007; Wang & Ma 2013). Mclaughlin et al. (2008) indicated
that for the clusters in NGC 5128, Wilson (1975) model
fits as well as or better than King (1966) model, however,
Barmby et al. (2007) and Wang & Ma (2013) showed that for
most clusters in M31, King (1966) model fits better than
Wilson (1975) model. In addition, Figure 17 immediately
shows that Wilson (1975) model fits the M33 sample clus-
ter data better than Se´rsic (1968) model. Based on our
small sample clusters of M33, we cannot see these struc-
tural parameters strongly affect ∆. For M31 and NGC 5128
clusters, the results are somewhat different. For M31 clus-
ters, Barmby et al. (2007) showed that the bright clusters
(Lmod > 105L⊙) are better fitted by King (1966) model,
however, for NGC 5128 clusters, Mclaughlin et al. (2008)
showed that the bright clusters are generally fitted much bet-
ter by Wilson (1975) and Se´rsic (1968) models. In addition,
Mclaughlin & van der Marel (2005) presented a database of
structural and dynamical properties for 153 spatially resolved
star clusters in the Milky Way, the Large and Small Magel-
lanic Clouds, and the Fornax dwarf spheroidal. The results
of Mclaughlin & van der Marel (2005) showed that globulars
and young massive clusters in theses galaxies are system-
atically better fitted by the extended Wilson (1975) model
than by King (1966) model. Se´rsic (1968) model often fits
about as well as Wilson model but can be significantly worse.
San Roman et al. (2012) derived structural parameters for 161
star clusters using the HST images. These authors found that
young clusters (log age < 8) are notably better fitted by Elson-
Freeman-Fall model (Elson, Fall & Freeman 1987) with no
radial truncation, while older clusters show no significant
differences between King (1962) and Elson, Fall & Freeman
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Fig. 14.— Comparison of our newly obtained cluster structural parameters by fitting King model (King 1966) with previous measurements by Larsen et al.
(2002). From left to right: concentration, scale radius, and central surface brightness. Open circles: in the F555W band; stars: in the F814W band.
Fig. 15.— Top: Comparison of structural-model predictions for central velocity dispersion with observations from Larsen et al. (2002). The dashed line is the
line of equality; the dot-dashed line is the mean ratio σobs/σpred = 0.91. Bottom: Comparison of dynamical and population-synthesis-derived mass-to-light
ratios. The dashed line is the line of equality; the dot-dashed line is the mean ratio ΥdynV /Υ
pop
V = 0.84.
(1987) fits. Figure 18 compares the relative quality of fit, ∆ values with
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Fig. 16.— Comparison of structural parameters for model fits to the sample clusters observed in both F555W and F814W bands. From top to bottom: projected
half-light radius and ratio of half-light to core radius. Open circles: King (1966) model; squares: Se´rsic (1968) model; stars Wilson (1975) model.
Fig. 17.— Relative quality of fit for Wilson and Se´rsic models (filled and open circles) versus King model for the sample clusters in this paper.
a number of structural parameters (Rc, Rh, µV,0, Lmod, σp,0,
and Eb) for the sample clusters here. It is evident that the
parameters do not clearly vary with goodness of fit. There
is one cluster (R14) with comparable χ2, but large discrep-
ancy of Rc, σp,0, and Eb values for King- and Se´rsic-model
fits. Arrows are attached to the points for R14 in the figure
when the parameter differences fall outside the plotted range
in any panel. In addition, most parameters derived from Wil-
son model are slightly larger than those from King model,
while parameters derived from Se´rsic model are smaller than
those from King model, especially for Rc, σp,0, and Eb. The
mean offsets between parameters derived for the same cluster
from King (1966) and Wilson (1975) models are: δ(log Rc) =
0.012±0.011,δ(log Rh) = 0.045±0.032,δµV,0 = 0.002±0.004,
δ(log LV ) = 0.023 ± 0.017, δ(logσp,0) = 0.005 ± 0.03, and
δ(log Eb) = 0.006±0.023. The mean offsets from King (1966)
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Fig. 18.— Comparison of some structural and dynamical parameters for Wilson and Se´rsic models versus King model for the sample clusters here, including the
projected core radius Rc, projected half-light radius Rh, central surface brightness µV,0 in the V band, total model luminosity Lmod, predicted central line-of-sight
velocity dispersion σp,0, and the global binding energy Eb . Symbols are as in Fig. 17.
and Se´rsic (1968) models are: δ(log Rc) = −0.101 ± 0.070
(R14 aside), δ(log Rh) = −0.014 ± 0.009, δµV,0 = −0.005 ±
0.015, δ(log LV ) = 0.006±0.008, δ(logσp,0) = −0.036±0.026
(R14 aside), and δ(log Eb) = −0.078 ± 0.069 (R14 aside).
4. DISCUSSION
We combined the newly derived structural and dynam-
ical parameters of M33 halo GCs by King model fits
here with those derived by King model fits for M31 GCs
(Barmby et al. 2007; Wang & Ma 2013), and Milky Way GCs
(Mclaughlin & van der Marel 2005) to construct a large sam-
ple to look into the correlations between the parameters. The
ellipticities and galactocentric distances for Milky Way GCs
are from Harris (1996) (2010 edition). The parameters used
in the following discussion for M31 GCs (Barmby et al. 2007;
Wang & Ma 2013) are those derived on the band close to the
V band (e.g., F555W and F606W).
4.1. Galactocentric Distance
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Fig. 19.— Structural parameters vs. galactocentric distance Rgc. The filled circles are the sample clusters in M33, the open circles are Galactic GCs
(Mclaughlin & van der Marel 2005), the crosses are M31 GCs (Barmby et al. 2007; Wang & Ma 2013).
Figure 19 shows structural parameters as a function of
galactocentric distance Rgc for the new large sample clusters
in M33, M31 and the Milky Way. For Milky Way clusters
the true three-dimensional distance is used, while for M31
and M33 clusters only projected distances are available. It
is evident that all the clusters in the three galaxies present
similar trends, although M33 sample clusters are limited in
smaller galactocentric distances. However, M33 clusters have
slightly larger Rh and Rt than M31 and Milky Way clusters for
a given Rgc, although all the clusters in three galaxies follow
the general trend. On the contrary, M33 clusters have slightly
smaller Lmod than M31 and Milky Way clusters for a given
Rgc. We fitted the data of the Milky Way and M31 and of
M33 to linear relations, respectively. And the results showed
that there exit some offsets between the different trends. The
fitting results are as follow. Rh = 0.323 × Rgc + 0.266 and
Rh = 0.495×Rgc+0.398 for Milky Way and M31 clusters and
for M33 clusters, respectively. rt = 1.331 × Rgc + 0.254 and
rt = 1.505×Rgc + 0.055 for Milky Way and M31 clusters and
for M33 clusters, respectively. Lmod = 5.213 × Rgc − 0.218
and Lmod = 5.377×Rgc− 1.332 for Milky Way and M31 clus-
ters and for M33 clusters, respectively. We argued that this
difference results from small number statistic of M33 clus-
ters. In addition, some global trends can be seen. Clusters
at larger galactocentric distances, on average, have larger Rh
and rt than do those which are located closer to the galactic
center. The correlation between Rh and Rgc showed in Fig-
ure 19 is a general property of GC systems (see Blom et al.
2012, and references therein), which results from physical
conditions at the time of cluster formation as suggested by
van den Bergh (1991) for Milky Way GCs. Harris (2009) con-
sidered that the scale sizes of GCs appear to be determined
jointly and universally by their metallicity, spatial locations,
and their mass, which are included in their conditions of for-
mation. In fact, it is true that star clusters with small Rgc have
small Rh due to tidal disruption. It should be mentioned, how-
ever, that no clear correlation between Rh and Rgc exists for
the GCs in NGC 4649 (Strader et al. 2012). So, Strader et al.
(2012) suggested that the sizes of GCs are not generically set
by tidal limitation. The luminosities of clusters decrease with
increasing Rgc, implying that either strong dynamical friction
drives predominantly more massive clusters inwards, or more
massive clusters have a bias in favor of forming in the nu-
clear regions of galaxies where the higher ambient pressure
and density favor the formation of more massive star clusters
(see Georgiev et al. 2009, and references therein). The lack
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of faint clusters at small distances from the galactic centers
may be due to selection effects, since faint clusters are dif-
ficult to see against the bright background near galactic cen-
ters (Barmby et al. 2007). The metallicities of clusters de-
crease with increasing Rgc, which indicates that metal-rich
clusters are typically located at smaller galactocentric radii
than metal-poor ones, although with large scatter. The pres-
ence or absence of a radial trend in the metallicity of a GC
sample in a galaxy is an important test of galaxy formation
theories (Barmby et al. 2000). In fact, some works have pre-
sented the metallicity of GCs in the Milky Way, M31 and M33
as a function of galactocentric radius. Armandroff (1989) con-
firmed the presence of a modest metallicity gradient within
the system of disk clusters in the Milky Way. There are some
inconsistent conclusions for M31 GCs (see Fan et al. 2008,
and references therein). Ma et al. (2004) did not find the pres-
ence of a modest metallicity gradient for old star clusters in
M33.
4.2. Ellipticity
Figure 20 shows the distribution of ellipticity with galac-
tocentric distance, luminosity, observed velocity dispersion,
and some structural parameters for clusters in M33, M31
and the Milky Way, which may show clues to the primary
factor for the elongation of clusters: galaxy tides, rota-
tion and velocity anisotropy, cluster mergers, and “remnant
elongation” (Larsen et al. 2001; Barmby et al. 2007). We
used the ellipticities of the M33 sample clusters obtained
from the F555W band, since the ellipticities of M31 clusters
from Barmby et al. (2007) were obtained from the F555W
or F606W band. In addition, we used the ellipticities of
M31 clusters obtained from the F555W or F606W band in
Wang & Ma (2013). In fact, Wang & Ma (2013) have pre-
sented this distribution for star clusters in M31 and the Milky
Way, and discussed in detail. We include the sample clusters
of M33 in this distribution. It is evident that all the clusters
in the three galaxies show similar trends. In addition, Figure
20 shows that a seeming correlation exists between elliptic-
ity and Rgc, r0, and c among M33 halo clusters, and that this
correlation does not exist among the clusters in M31 and the
Milky Way. We argued that this seeming correlation among
M33 halo clusters is not true and it results from small number
statistic of M33 clusters. In Figure 20, there are only 10 M33
sample clusters. In fact, San Roman et al. (2012) presented
the distribution of ellipticity with Rgc for 161 star clusters in
M33, and did not find a correlation between ellipticity and
Rgc (See Figure 2 of San Roman et al. 2012). When we in-
clude M33 clusters of San Roman et al. (2012) in Figure 20,
any correlations between ellipticity and r0 and c among M33
clusters disappear.
4.3. Metallicity
Figure 21 plots structural and dynamical parameters as a
function of [Fe/H] for clusters in M33, M31 and the Milky
Way. The trends of Rh, σp,obs and νesc,0 with [Fe/H] appear.
The metal-rich clusters have smaller average values of Rh than
those of metal-poor clusters. This result is in agreement with
those of Larsen et al. (2001) and Barmby et al. (2002). The
metal-rich clusters have larger average values of σp,obs and
νesc,0 than those of metal-poor clusters. However, all the three
trends have large scatters. It is true that all the GCs in the three
galaxies present similar trends except for the panel of σp,obs.
In this panel, there are only four sample clusters of M33 hav-
ing observed σp,obs, which have not any correlation or a weak
negative correlation with [Fe/H]. However, for the clusters of
M31, M33 and the Milky Way together, the observed velocity
dispersion σp,obs increases with metallicity. We argued that
this seeming contradiction is not true and it results from small
number statistic of M33 clusters. In addition, we did not in-
clude the data for M31 young massive clusters (YMCs) in
Figure 21, since their metallicities are not accurately derived.
The solar values of metallicities are adopted for M31 YMCs
in Wang & Ma (2013), who have presented this distribution
for clusters in M31 and the Milky Way, and discussed in de-
tail.
4.4. The Fundamental Plane
Barmby et al. (2002) demonstrated that both M31 and
Milky Way GCs do not occupy the full space of four-
dimensional parameters (concentration c, scale radius r0,
central surface brightness µV,0, and central M/L or veloc-
ity dispersion σ0), which describe GC structure. In fact,
Djorgovski & Meylan (1994) performed a detailed analysis of
a data set of cluster parameters on 143 GCs of the Milky Way,
and found some monovariate correlations between various
properties. Then, Djorgovski (1995) used the principal com-
ponent analysis to infer the existence of a pair of bivariate cor-
relations in Milky Way GC parameters which implying the ex-
istence of a “fundamental plane (FP)”, analogous to that of el-
liptical galaxies. This parameter space includes a radius (core,
or half-light), a surface brightness (central, or average within
a half-light radius), and the central projected velocity disper-
sion. However, McLaughlin (2000) considered that the sta-
tistical analysis cannot offer any physical insight into this FP,
and he defined an FP using the binding energy and luminosity,
which is formally different from that of Djorgovski (1995).
McLaughlin (2000) derived the relations between σ0, r0 and
µV,0, and between σ0, Rh and 〈µV,0〉h: logσ0−0.5 log r0 ∼ µV,0,
and logσ0 − 0.775 log Rh ∼ 〈µV,0〉h (see eq. [12a] and [13b]
of McLaughlin 2000 in detail) based on the basic defini-
tions. Then, Barmby et al. (2009) presented the correlations
between σ0, Rc and µV,0 (logσ0 − 0.5 log Rc versus µV,0),
and between σ0, Rh and 〈µV,0〉h (logσ0 − 0.775 log Rh versus
〈µV,0〉h) and found large offsets between the young M31 clus-
ters and old clusters. However, Barmby et al. (2009) showed
that the correlations betweenσ0, Rc and Σ0 (logσ0−0.5 log Rc
versus Σ0), and between σ0, Rh and 〈Σ〉h (logσ0−0.755 log Rh
versus 〈Σ〉h) are tight, which are called the mass-density-based
FP relations. Here we show the two forms of the FP for the
clusters in M33, M31 and the Milky Way.
Figure 22 plots the mass-density-based FP relations for the
clusters in M33, M31 and the Milky Way. In the left two
panels, σp,0, Σ0 and 〈Σ〉h are computed using the observed
M/L values. For both M33 and M31 clusters, the observed
M/L values are from Larsen et al. (2002) and Strader et al.
(2011), respectively. In the right two panels, the values of
σp,0, Σ0 and 〈Σ〉h are computed using the M/L values from
population-synthesis models. It is obvious that the velocity
dispersion, characteristic radii, and mass density for M33,
M31 and Milky Way clusters show tight correlations, both
on the core and half-light scales. The exist of FP relations for
clusters strongly reflects some universal physical conditions
and processes of cluster formation.
Figure 23 shows the correlation of binding energy with the
total model mass for the clusters in M33, M31 and the Milky
Way. In the left panel, the values of Mmod and Eb are com-
puted using the observed M/L values. For both M33 and
M31 clusters, the observed M/L values are from Larsen et al.
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Fig. 20.— Ellipticity as a function of galactocentric distance, luminosity, observed velocity dispersion, and some structural parameters. Symbols are as in Fig.
19.(2002) and Strader et al. (2011), respectively. In the right
panel, the values of Mmod and Eb are computed using the M/L
values from population-synthesis models. It is evident that all
the clusters in M33, M31 and the Milky Way locate in a re-
markably tight region. Barmby et al. (2007) concluded that
the scatter around this relation is so small that the structures
of star clusters may be far simpler than those scenarios de-
rived from theoretical arguments.
5. SUMMARY
In this paper, we present the properties of 10 halo GCs
in M33 using the HST/WFPC2 images in the F555W and
F814W bands. The sample of M33 halo GCs in this paper
is from Sarajedini et al. (1998), who originally selected 10
star clusters in M33 based on their halo-like kinematics and
red colors (B − V > 0.6). Sarajedini et al. (1998) considered
that these clusters should be as close an analogy as possible
to the halo clusters in the Milky Way. We obtained elliptici-
ties, position angles and surface brightness profiles for them.
Structural and dynamical parameters were derived by fitting
the profiles to three different models, including King, Wilson,
and Se´rsic models. We found that, in the majority of cases,
King model fit the M33 clusters as well as Wilson model, and
better than Se´rsic model.
We discussed the properties of the sample
GCs here combined with GCs in the Milky Way
(Mclaughlin & van der Marel 2005) and M31 (Barmby et al.
2007; Wang & Ma 2013). In general, the properties of M33,
M31 and the Galactic clusters fall in the same regions of
parameter spaces. We investigated two forms of the FP,
including the correlation of velocity dispersion, radius, and
mass density, and the correlation of binding energy with the
total model mass. The tight correlations of cluster properties
indicate a tight FP for clusters, regardless of their host
environments. In addition, the tightness of the relations for
the internal properties indicates some physical conditions and
processes of cluster formation in different galaxies.
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Fig. 23.— Evidence of an FP of the cluster parameters, which is defined in terms of binding energy Eb and the total model mass Mmod . Symbols are as in Fig.
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TABLE 1
IntegratedMeasurements of 10 Halo Globular Clusters inM33
ID ǫa θa ǫb θb Bc Vc Ic Rgcd E(B − V)e [Fe/H]f Ageg
(deg E of N) (deg E of N) (Vegamag) (Vegamag) (Vegamag) (kpc) (Gyr)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
U49 0.27 ± 0.03 43 ± 2 0.23 ± 0.02 40 ± 3 17.08 16.30 15.31 2.07 0.05 −1.75 ± 0.04 3.98 ± 0.32
R12 0.08 ± 0.01 −20 ± 9 0.17 ± 0.02 10 ± 12 17.42 16.38 15.19 1.01 0.04 −1.46 ± 0.04 10.00 ± 0.41
R14 0.10 ± 0.02 −30 ± 16 0.11 ± 0.01 −13 ± 2 17.46 16.47 15.15 0.62 0.38 −0.63 ± 0.04 1.29 ± 0.23
M9 0.09 ± 0.01 −15 ± 10 0.10 ± 0.01 −8 ± 9 17.88 17.13 16.11 2.19 0.03 −1.17 ± 0.11 4.27 ± 0.37
U77 0.20 ± 0.02 0 ± 17 0.16 ± 0.02 −63 ± 4 18.04 17.29 16.38 1.33 0.06 −0.76 ± 0.05 1.58 ± 0.25
H38 0.17 ± 0.03 26 ± 22 0.22 ± 0.04 25 ± 17 18.13 17.29 16.28 2.74 0.03 −0.84 ± 0.04 5.01 ± 0.16
C20 0.32 ± 0.01 −32 ± 12 0.21 ± 0.05 −56 ± 3 18.43 17.58 16.59 3.77 0.02 −1.30 ± 0.07 8.91 ± 0.25
C38 0.23 ± 0.04 −36 ± 27 0.25 ± 0.03 −25 ± 12 18.74 18.04 17.21 4.32 0.03 −2.12 ± 0.11 1.91 ± 0.05
H10 0.35 ± 0.04 −17 ± 3 0.29 ± 0.02 −27 ± 2 19.45 18.37 17.10 2.59 0.19 −0.74 ± 0.04 7.94 ± 0.32
U137 0.10 ± 0.01 −23 ± 13 0.13 ± 0.01 −20 ± 1 19.13 18.32 17.26 3.16 0.07 −0.20 ± 0.07 18.62 ± 0.12
a ǫ and θ are ellipticity and position angle of F555W filter for each cluster, respectively.
b ǫ and θ are ellipticity and position angle of F814W filter for each cluster, respectively.
c B, V , and I are the magnitudes in the B, V , and I bands for each cluster, respectively.
d Rgc is the galactocentric distance of each cluster.
e E(B − V) is the reddening value of each cluster.
f [Fe/H] is the metallicity of each cluster.
g Age is the age of each cluster.
TABLE 2
Intensity Profiles for 10 Halo Globular Clusters inM33
ID Band Ra I Uncertainty Flag
(arcsec) (L⊙ pc−2) (L⊙ pc−2)
(1) (2) (3) (4) (5) (6)
U49 F555W 0.0234 2047.989 2.150 OK
F555W 0.0258 2047.598 2.260 DEP
F555W 0.0284 2047.044 2.332 DEP
F555W 0.0312 2046.346 2.379 DEP
F555W 0.0343 2045.563 2.419 DEP
F555W 0.0378 2044.743 2.416 DEP
F555W 0.0415 2043.878 2.411 DEP
F555W 0.0457 2042.969 2.398 DEP
F555W 0.0503 2041.900 2.332 OK
F555W 0.0553 2040.737 2.283 DEP
F555W 0.0608 2039.297 2.229 DEP
F555W 0.0669 2037.591 2.165 DEP
F555W 0.0736 2035.377 2.115 OK
a R is the clustercentric radius.
1 This table is available in its entirely in machine-readable.
22 Ma
TABLE 3
Basic Parameters of 10 Halo Globular Clusters inM33
ID Band Nptsa Model χ2min
b Ibkgc W0d c/ne µ0f log r0g log r0h
(L⊙ pc−2) (mag arcsec−2) (arcsec) (pc)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
U49 F555W 47 K66 7.58 0.10 ± 0.75 4.70+0.02−0.01 0.97+0.01−0.01 17.95+0.01−0.01 0.000+0.009−0.007 0.613+0.009−0.007
47 W 8.82 1.90 ± 1.27 4.70+0.01−0.03 1.35+0.01−0.01 17.95+0.01−0.01 0.000+0.012−0.022 0.613+0.012−0.022
47 S 58.47 2.40 ± 2.62 . . . 0.75+0.02−0.01 17.92+0.04−0.01 −0.050+0.034−0.041 0.563+0.034−0.041
F814W 48 K66 16.01 −2.10 ± 1.12 5.80+0.01−0.02 1.21+0.01−0.01 16.94+0.01−0.01 −0.100+0.034−0.030 0.513+0.034−0.030
48 W 27.99 2.00 ± 3.53 4.60+0.03−0.05 1.32+0.01−0.01 16.95+0.01−0.01 0.000+0.040−0.054 0.613+0.040−0.054
48 S 26.77 −0.50 ± 0.85 . . . 1.00+0.01−0.01 18.63+0.20−0.18 −0.200+0.030−0.036 0.413+0.030−0.036
R12 F555W 49 K66 6.32 4.10 ± 1.06 7.70+0.05−0.16 1.74+0.02−0.05 15.74+0.02−0.05 −0.750+0.018−0.015 −0.137+0.018−0.015
49 W 3.62 0.70 ± 0.57 7.30+0.06−0.06 2.62+0.05−0.05 15.73+0.02−0.01 −0.700+0.016−0.009 −0.087+0.016−0.009
49 S 25.78 9.10 ± 1.15 . . . 1.80+0.02−0.03 15.69+0.06−0.06 −1.400+0.031−0.038 −0.787+0.031−0.038
F814W 46 K66 7.35 −0.80 ± 1.98 7.70+0.09−0.10 1.74+0.03−0.03 14.69+0.04−0.03 −0.750+0.031−0.020 −0.137+0.031−0.020
46 W 3.40 −4.60 ± 1.44 7.30+0.12−0.04 2.62+0.10−0.03 14.69+0.05−0.02 −0.700+0.015−0.017 −0.087+0.015−0.017
46 S 20.27 10.00 ± 4.23 . . . 1.80+0.04−0.05 17.14+0.23−0.23 −1.400+0.035−0.046 −0.787+0.035−0.046
R14 F555W 47 K66 36.04 25.10 ± 6.27 9.00+0.20−0.13 2.12+0.05−0.03 13.36+0.06−0.04 −1.400+0.008−0.013 −0.787+0.008−0.013
47 W 48.97 −22.10 ± 9.24 8.60+0.23−0.21 3.31+0.01−0.04 13.38+0.04−0.05 −1.300+0.017−0.012 −0.687+0.017−0.012
47 S 102.21 19.50 ± 17.31 . . . 3.65+0.07−0.07 13.46+0.08−0.07 −4.000+0.016−0.017 −3.387+0.016−0.017
F814W 45 K66 16.16 37.90 ± 10.92 8.70+0.15−0.19 2.04+0.04−0.05 12.91+0.09−0.03 −1.250+0.007−0.011 −0.637+0.007−0.011
45 W 18.97 −20.80 ± 14.56 8.50+0.20−0.26 3.30+0.02−0.06 12.90+0.05−0.07 −1.200+0.014−0.014 −0.587+0.014−0.014
45 S 27.51 41.70 ± 20.04 . . . 3.55+0.06−0.05 16.11+0.51−0.46 −3.850+0.017−0.015 −3.237+0.017−0.015
M9 F555W 48 K66 69.32 0.40 ± 0.09 5.80+0.13−0.12 1.21+0.03−0.03 17.62+0.04−0.03 −0.400+0.027−0.025 0.213+0.027−0.025
48 W 53.52 0.10 ± 0.08 5.30+0.19−0.13 1.52+0.06−0.04 17.63+0.03−0.03 −0.350+0.024−0.030 0.263+0.024−0.030
48 S 217.63 3.10 ± 0.39 . . . 0.95+0.03−0.03 17.59+0.06−0.07 −0.500+0.052−0.063 0.113+0.052−0.063
F814W 49 K66 11.85 −1.10 ± 0.34 6.10+0.13−0.07 1.28+0.03−0.02 16.61+0.03−0.03 −0.450+0.021−0.014 0.163+0.021−0.014
49 W 8.27 −1.50 ± 0.28 5.60+0.11−0.09 1.63+0.04−0.03 16.62+0.05−0.02 −0.400+0.017−0.020 0.213+0.017−0.020
49 S 60.17 1.50 ± 0.83 . . . 1.05+0.04−0.03 18.21+0.41−0.19 −0.600+0.046−0.056 0.013+0.046−0.056
U77 F555W 45 K66 27.50 −2.70 ± 0.56 5.90+0.22−0.14 1.23+0.05−0.03 18.49+0.05−0.04 −0.200+0.032−0.042 0.413+0.032−0.042
45 W 29.96 −1.50 ± 0.80 6.10+0.26−0.27 1.84+0.13−0.12 18.50+0.03−0.04 −0.200+0.036−0.044 0.413+0.036−0.044
45 S 11.78 −0.40 ± 0.07 . . . 1.05+0.01−0.01 18.42+0.02−0.02 −0.350+0.015−0.029 0.263+0.015−0.029
F814W 44 K66 29.60 −2.40 ± 2.55 7.00+0.23−0.09 1.53+0.07−0.03 17.45+0.03−0.04 −0.300+0.037−0.045 0.313+0.037−0.045
44 W 32.05 −1.80 ± 1.68 7.30+0.28−0.22 2.62+0.24−0.17 17.45+0.03−0.05 −0.300+0.055−0.053 0.313+0.055−0.053
44 S 11.60 0.80 ± 0.15 . . . 1.10+0.01−0.01 19.24+0.18−0.17 −0.400+0.019−0.017 0.213+0.019−0.017
H38 F555W 45 K66 11.37 −1.20 ± 0.61 5.80+0.01−0.01 1.21+0.01−0.01 17.89+0.01−0.01 −0.350+0.009−0.010 0.263+0.009−0.010
45 W 39.54 3.30 ± 3.37 5.30+0.01−0.05 1.52+0.01−0.02 17.90+0.01−0.01 −0.300+0.029−0.029 0.313+0.029−0.029
45 S 198.84 6.10 ± 3.13 . . . 0.90+0.01−0.01 17.90+0.01−0.02 −0.400+0.044−0.052 0.213+0.044−0.052
F814W 45 K66 12.52 −2.10 ± 0.50 5.70+0.04−0.09 1.18+0.01−0.02 16.81+0.01−0.01 −0.350+0.014−0.016 0.263+0.014−0.016
45 W 7.50 −2.30 ± 0.44 5.80+0.03−0.02 1.71+0.01−0.01 16.81+0.01−0.01 −0.350+0.008−0.019 0.263+0.008−0.019
45 S 82.18 −0.50 ± 0.73 . . . 1.10+0.01−0.01 18.57+0.20−0.20 −0.550+0.034−0.054 0.063+0.034−0.054
C20 F555W 44 K66 27.75 0.20 ± 1.71 3.30+0.05−0.05 0.72+0.01−0.01 20.24+0.01−0.01 0.200+0.032−0.029 0.813+0.032−0.029
44 W 32.80 1.40 ± 1.36 1.20+0.02−0.02 0.61+0.01−0.01 20.25+0.01−0.01 0.450+0.035−0.044 1.063+0.035−0.044
44 S 38.91 2.20 ± 0.88 . . . 0.60+0.01−0.01 20.26+0.01−0.01 0.150+0.037−0.040 0.763+0.037−0.040
F814W 44 K66 29.26 0.60 ± 3.68 2.80+0.08−0.04 0.64+0.01−0.01 19.29+0.01−0.01 0.250+0.031−0.059 0.863+0.031−0.059
44 W 30.70 2.00 ± 2.51 1.50+0.03−0.03 0.68+0.01−0.01 19.30+0.01−0.01 0.400+0.043−0.045 1.013+0.043−0.045
44 S 49.84 6.00 ± 2.08 . . . 0.70+0.01−0.01 20.48+0.18−0.23 0.100+0.039−0.052 0.713+0.039−0.052
C38 F555W 48 K66 26.88 0.40 ± 1.10 4.70+0.04−0.09 0.97+0.01−0.02 19.62+0.01−0.02 −0.100+0.030−0.050 0.513+0.030−0.050
48 W 29.54 0.10 ± 0.87 4.50+0.09−0.05 1.29+0.02−0.01 19.60+0.02−0.01 −0.100+0.046−0.043 0.513+0.046−0.043
48 S 55.80 0.50 ± 0.60 . . . 0.95+0.01−0.01 19.60+0.02−0.02 −0.250+0.043−0.054 0.363+0.043−0.054
F814W 43 K66 33.35 −1.20 ± 1.88 4.80+0.08−0.05 0.99+0.02−0.01 18.78+0.02−0.01 −0.100+0.033−0.051 0.513+0.033−0.051
43 W 30.40 −0.50 ± 1.76 4.90+0.11−0.06 1.40+0.03−0.02 18.79+0.02−0.01 −0.100+0.043−0.058 0.513+0.043−0.058
43 S 50.08 0.90 ± 1.29 . . . 0.80+0.01−0.01 20.12+0.19−0.18 −0.150+0.046−0.053 0.463+0.046−0.053
H10 F555W 44 K66 77.92 −0.10 ± 5.64 5.60+0.27−0.16 1.16+0.06−0.04 20.53+0.01−0.01 0.000+0.058−0.083 0.613+0.058−0.083
44 W 81.04 0.60 ± 5.91 5.10+0.23−0.21 1.46+0.08−0.06 20.53+0.01−0.01 0.050+0.076−0.070 0.663+0.076−0.070
44 S 42.68 2.50 ± 1.54 . . . 0.80+0.01−0.01 20.54+0.01−0.01 0.000+0.036−0.042 0.613+0.036−0.042
F814W 45 K66 29.59 −0.60 ± 3.68 5.70+0.12−0.08 1.18+0.03−0.02 19.49+0.01−0.01 0.000+0.054−0.034 0.613+0.054−0.034
45 W 32.83 −0.60 ± 4.99 6.10+0.20−0.14 1.84+0.10−0.06 19.49+0.01−0.01 0.000+0.051−0.046 0.613+0.051−0.046
45 S 46.09 0.60 ± 1.95 . . . 0.90+0.01−0.01 21.03+0.19−0.20 −0.050+0.043−0.055 0.563+0.043−0.055
U137 F555W 41 K66 44.59 −2.50 ± 0.85 5.50+0.13−0.16 1.14+0.03−0.03 18.86+0.04−0.03 −0.350+0.014−0.023 0.263+0.014−0.023
41 W 28.43 −0.30 ± 0.88 5.60+0.11−0.15 1.63+0.04−0.05 18.87+0.03−0.05 −0.350+0.026−0.017 0.263+0.026−0.017
41 S 183.52 −2.70 ± 0.53 . . . 1.00+0.03−0.02 18.83+0.12−0.07 −0.500+0.046−0.055 0.113+0.046−0.055
F814W 43 K66 26.38 −1.80 ± 1.59 6.00+0.02−0.02 1.25+0.01−0.01 17.75+0.01−0.01 −0.400+0.017−0.028 0.213+0.017−0.028
43 W 29.79 −3.00 ± 1.31 4.80+0.02−0.01 1.37+0.01−0.01 17.75+0.01−0.01 −0.300+0.027−0.037 0.313+0.027−0.037
43 S 121.01 6.60 ± 2.89 . . . 0.75+0.01−0.01 18.98+0.18−0.17 −0.350+0.043−0.051 0.263+0.043−0.051
a The number of points in the intensity profile that were used for constraining the model fits.
b The minimum χ2 obtained in the fits.
c The best-fitted background intensity.
d The dimensionless central potential of the best-fitting model, defined as W0 ≡ −φ(0)/σ20 .
e The concentration c ≡ log(rt/r0).
f The best-fit central surface brightness in the native band of the data.
g The best model-fit scale radius r0 in arcseconds.
h The best model-fit scale radius r0 in parsecs.
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TABLE 4
Derived Structural and Photometric Parameters of 10 Halo Globular Clusters inM33
ID Band Model log rtida log Rcb log Rhc log Rh/Rcd log I0e log j0f log LV g Vtoth log Ihi 〈µV 〉hj
(pc) (pc) (pc) (L⊙,V pc−2) (L⊙,V pc−3) (L⊙,V ) (mag) (L⊙,V pc−2) (mag arcsec−2)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
U49 F555W K66 1.58+0.01−0.01 0.552+0.009−0.007 0.768+0.010−0.010 0.216+0.017−0.019 3.38+0.02−0.02 2.52+0.03−0.03 5.42+0.02−0.02 15.86+0.05−0.05 3.09+0.01−0.01 18.63+0.01−0.01
W 1.96+0.01−0.01 0.528+0.011−0.022 0.776+0.010−0.010 0.248+0.032−0.022 3.38+0.02−0.02 2.54+0.04−0.03 5.41+0.02−0.02 15.91+0.05−0.05 3.06+0.01−0.01 18.72+0.01−0.01
S ∞ 0.563+0.034−0.041 0.744+0.039−0.038 0.181+0.080−0.072 3.39+0.02−0.03 2.08+0.05−0.06 5.42+0.04−0.03 15.87+0.07−0.09 3.14+0.05−0.04 18.51+0.11−0.12
F814W K66 1.72+0.01−0.01 0.476+0.034−0.030 0.793+0.013−0.012 0.317+0.043−0.047 3.38+0.02−0.02 2.60+0.05−0.05 5.42+0.02−0.02 15.86+0.05−0.05 3.04+0.01−0.01 18.76+0.01−0.01
W 1.93+0.01−0.01 0.524+0.038−0.053 0.766+0.010−0.010 0.242+0.063−0.048 3.38+0.02−0.02 2.54+0.07−0.06 5.41+0.02−0.02 15.91+0.05−0.05 3.08+0.01−0.01 18.67+0.01−0.01
S ∞ 0.413+0.030−0.036 0.804+0.045−0.044 0.391+0.081−0.074 3.39+0.02−0.03 2.14+0.06−0.06 5.42+0.04−0.03 15.87+0.07−0.09 3.02+0.06−0.06 18.81+0.14−0.15
R12 F555W K66 1.60+0.02−0.05 −0.152+0.017−0.015 0.508+0.027−0.050 0.659+0.042−0.067 4.26+0.03−0.02 4.11+0.04−0.04 5.38+0.02−0.02 15.97+0.06−0.05 3.57+0.08−0.03 17.43+0.09−0.19
W 2.53+0.06−0.05 −0.116+0.015−0.008 0.563+0.079−0.035 0.679+0.087−0.050 4.27+0.02−0.02 4.08+0.03−0.04 5.43+0.03−0.02 15.84+0.06−0.08 3.51+0.05−0.13 17.59+0.31−0.12
S ∞ −0.787+0.031−0.038 0.442+0.055−0.054 1.229+0.094−0.085 4.28+0.03−0.03 4.03+0.06−0.05 5.34+0.03−0.03 16.07+0.08−0.09 3.66+0.07−0.08 17.21+0.19−0.19
F814W K66 1.60+0.03−0.03 −0.152+0.030−0.019 0.509+0.054−0.073 0.661+0.074−0.103 4.26+0.03−0.02 4.11+0.05−0.05 5.38+0.02−0.02 15.97+0.06−0.05 3.57+0.12−0.09 17.44+0.22−0.30
W 2.53+0.11−0.03 −0.116+0.015−0.016 0.564+0.079−0.067 0.680+0.095−0.082 4.27+0.02−0.02 4.08+0.04−0.04 5.43+0.03−0.02 15.84+0.06−0.08 3.51+0.11−0.12 17.59+0.31−0.28
S ∞ −0.787+0.035−0.046 0.444+0.055−0.054 1.231+0.101−0.089 4.28+0.03−0.03 4.03+0.07−0.06 5.34+0.03−0.03 16.07+0.08−0.09 3.65+0.07−0.07 17.22+0.19−0.18
R14 F555W K66 1.33+0.05−0.03 −0.794+0.008−0.013 0.291+0.089−0.086 1.085+0.101−0.094 5.21+0.03−0.03 5.70+0.04−0.04 5.69+0.03−0.03 15.21+0.08−0.08 4.31+0.14−0.15 15.59+0.36−0.35
W 2.63+0.01−0.03 −0.703+0.015−0.010 0.619+0.110−0.134 1.321+0.119−0.149 5.20+0.03−0.03 5.60+0.04−0.04 5.85+0.03−0.04 14.80+0.10−0.08 3.81+0.23−0.19 16.82+0.47−0.57
S ∞ −3.387+0.016−0.017 0.301+0.134−0.122 3.688+0.151−0.138 5.17+0.03−0.04 7.24+0.04−0.04 5.70+0.09−0.09 15.19+0.22−0.22 4.29+0.16−0.18 15.62+0.45−0.39
F814W K66 1.40+0.04−0.05 −0.645+0.006−0.010 0.339+0.092−0.087 0.984+0.102−0.093 5.21+0.03−0.03 5.55+0.04−0.04 5.69+0.03−0.03 15.21+0.08−0.08 4.21+0.14−0.15 15.83+0.38−0.35
W 2.71+0.02−0.06 −0.604+0.012−0.012 0.668+0.117−0.140 1.271+0.129−0.152 5.20+0.03−0.03 5.50+0.04−0.04 5.85+0.03−0.04 14.80+0.10−0.08 3.71+0.24−0.20 17.07+0.51−0.60
S ∞ −3.237+0.017−0.015 0.310+0.131−0.118 3.547+0.146−0.135 5.17+0.03−0.04 7.10+0.04−0.05 5.70+0.09−0.09 15.19+0.22−0.22 4.28+0.15−0.17 15.66+0.43−0.37
M9 F555W K66 1.42+0.03−0.03 0.176+0.025−0.023 0.499+0.039−0.024 0.323+0.062−0.049 3.51+0.02−0.03 3.03+0.05−0.05 4.94+0.02−0.02 17.08+0.05−0.05 3.14+0.03−0.06 18.50+0.15−0.07
W 1.79+0.06−0.04 0.196+0.020−0.025 0.499+0.023−0.022 0.303+0.048−0.042 3.51+0.02−0.02 3.00+0.05−0.04 4.95+0.02−0.02 17.06+0.05−0.05 3.15+0.02−0.03 18.48+0.07−0.06
S ∞ 0.113+0.052−0.063 0.466+0.087−0.041 0.352+0.151−0.094 3.52+0.03−0.03 2.59+0.09−0.07 4.92+0.05−0.03 17.11+0.07−0.13 3.20+0.06−0.12 18.37+0.31−0.14
F814W K66 1.44+0.04−0.02 0.131+0.020−0.012 0.492+0.028−0.027 0.361+0.039−0.047 3.51+0.02−0.03 3.07+0.04−0.05 4.94+0.02−0.02 17.08+0.05−0.05 3.16+0.03−0.03 18.47+0.09−0.08
W 1.84+0.05−0.03 0.153+0.015−0.018 0.489+0.026−0.012 0.336+0.043−0.027 3.51+0.02−0.02 3.04+0.04−0.04 4.95+0.02−0.02 17.06+0.05−0.05 3.17+0.01−0.03 18.43+0.08−0.01
S ∞ 0.013+0.046−0.056 0.458+0.091−0.043 0.444+0.147−0.089 3.52+0.03−0.03 2.66+0.08−0.07 4.92+0.05−0.03 17.11+0.07−0.13 3.21+0.06−0.13 18.33+0.33−0.15
U77 F555W K66 1.64+0.06−0.03 0.378+0.030−0.039 0.706+0.041−0.038 0.329+0.080−0.068 3.16+0.03−0.03 2.48+0.06−0.06 4.98+0.02−0.02 16.97+0.06−0.05 2.77+0.05−0.06 19.43+0.15−0.13
W 2.26+0.13−0.12 0.364+0.030−0.040 0.753+0.053−0.045 0.389+0.092−0.075 3.16+0.03−0.02 2.48+0.07−0.05 5.00+0.03−0.03 16.93+0.07−0.08 2.69+0.06−0.07 19.63+0.19−0.16
S ∞ 0.263+0.015−0.029 0.700+0.046−0.045 0.437+0.075−0.060 3.19+0.02−0.02 2.08+0.05−0.03 4.99+0.03−0.03 16.96+0.08−0.07 2.79+0.06−0.06 19.39+0.16−0.15
F814W K66 1.84+0.07−0.03 0.292+0.036−0.043 0.786+0.064−0.020 0.494+0.107−0.056 3.16+0.03−0.03 2.56+0.07−0.06 4.98+0.02−0.02 16.97+0.06−0.05 2.61+0.02−0.11 19.83+0.27−0.04
W 2.93+0.26−0.16 0.284+0.052−0.050 0.931+0.124−0.085 0.647+0.174−0.137 3.16+0.03−0.02 2.57+0.08−0.08 5.00+0.03−0.03 16.93+0.07−0.08 2.34+0.14−0.22 20.51+0.54−0.36
S ∞ 0.213+0.019−0.017 0.698+0.047−0.046 0.484+0.064−0.065 3.19+0.02−0.02 2.11+0.04−0.04 4.99+0.03−0.03 16.96+0.08−0.07 2.79+0.06−0.07 19.38+0.16−0.15
H38 F555W K66 1.47+0.01−0.01 0.226+0.008−0.010 0.547+0.012−0.012 0.321+0.022−0.021 3.40+0.02−0.02 2.87+0.03−0.03 4.92+0.02−0.02 17.12+0.05−0.05 3.03+0.01−0.01 18.78+0.01−0.01
W 1.84+0.01−0.02 0.246+0.027−0.028 0.547+0.011−0.011 0.301+0.040−0.039 3.40+0.02−0.02 2.84+0.05−0.05 4.93+0.02−0.02 17.09+0.05−0.05 3.04+0.01−0.01 18.76+0.01−0.01
S ∞ 0.213+0.044−0.052 0.521+0.042−0.041 0.307+0.094−0.085 3.40+0.02−0.02 2.39+0.07−0.06 4.93+0.03−0.03 17.11+0.06−0.09 3.09+0.06−0.05 18.64+0.12−0.14
F814W K66 1.45+0.01−0.02 0.224+0.012−0.016 0.537+0.012−0.012 0.312+0.028−0.024 3.40+0.02−0.02 2.87+0.04−0.03 4.92+0.02−0.02 17.12+0.05−0.05 3.05+0.01−0.01 18.73+0.01−0.01
W 1.97+0.01−0.01 0.208+0.007−0.019 0.562+0.015−0.013 0.355+0.033−0.020 3.40+0.02−0.02 2.88+0.04−0.03 4.93+0.02−0.02 17.09+0.05−0.05 3.01+0.01−0.01 18.84+0.02−0.01
S ∞ 0.063+0.034−0.054 0.551+0.046−0.045 0.488+0.101−0.079 3.40+0.02−0.02 2.47+0.07−0.05 4.93+0.03−0.03 17.11+0.06−0.09 3.03+0.06−0.06 18.79+0.14−0.16
C20 F555W K66 1.53+0.01−0.01 0.699+0.030−0.027 0.831+0.019−0.010 0.132+0.046−0.040 2.46+0.02−0.02 1.45+0.05−0.05 4.70+0.02−0.02 17.67+0.05−0.06 2.24+0.01−0.02 20.75+0.04−0.01
W 1.67+0.01−0.01 0.717+0.032−0.041 0.827+0.019−0.020 0.110+0.060−0.052 2.46+0.02−0.02 1.42+0.06−0.05 4.71+0.02−0.02 17.65+0.06−0.06 2.26+0.02−0.01 20.72+0.04−0.04
S ∞ 0.763+0.037−0.040 0.834+0.035−0.033 0.070+0.074−0.070 2.45+0.02−0.02 1.01+0.06−0.06 4.75+0.02−0.02 17.56+0.05−0.05 2.28+0.05−0.05 20.66+0.12−0.11
F814W K66 1.50+0.01−0.01 0.721+0.028−0.054 0.831+0.010−0.011 0.110+0.064−0.039 2.46+0.02−0.02 1.42+0.07−0.05 4.70+0.02−0.02 17.67+0.05−0.06 2.24+0.01−0.01 20.75+0.01−0.01
W 1.69+0.01−0.01 0.713+0.039−0.041 0.831+0.015−0.017 0.118+0.056−0.056 2.46+0.02−0.02 1.42+0.06−0.06 4.71+0.02−0.02 17.65+0.06−0.06 2.25+0.01−0.01 20.74+0.02−0.03
S ∞ 0.713+0.039−0.052 0.855+0.038−0.036 0.142+0.090−0.075 2.45+0.02−0.02 1.02+0.07−0.06 4.75+0.02−0.02 17.56+0.05−0.05 2.24+0.05−0.06 20.76+0.14−0.13
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TABLE 4
(Continued)
ID Band Model log rtida log Rcb log Rhc log Rh/Rcd log I0e log j0f log LV g Vtoth log Ihi 〈µV 〉hj
(pc) (pc) (pc) (L⊙,V pc−2) (L⊙,V pc−3) (L⊙,V ) (mag) (L⊙,V pc−2) (mag arcsec−2)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
C38 F555W K66 1.48+0.01−0.02 0.452+0.027−0.049 0.669+0.010−0.010 0.218+0.059−0.037 2.71+0.02−0.02 1.95+0.07−0.05 4.56+0.02−0.02 18.03+0.05−0.05 2.42+0.01−0.01 20.30+0.01−0.01
W 1.81+0.02−0.01 0.421+0.044−0.040 0.658+0.020−0.009 0.237+0.060−0.053 2.71+0.02−0.02 1.98+0.06−0.07 4.52+0.02−0.02 18.12+0.05−0.05 2.41+0.01−0.02 20.33+0.05−0.01
S ∞ 0.363+0.043−0.054 0.710+0.044−0.043 0.347+0.098−0.085 2.71+0.02−0.02 1.53+0.07−0.06 4.58+0.02−0.02 17.98+0.06−0.05 2.36+0.06−0.07 20.45+0.17−0.15
F814W K66 1.50+0.02−0.01 0.454+0.032−0.049 0.681+0.021−0.010 0.226+0.069−0.042 2.71+0.02−0.02 1.94+0.07−0.05 4.56+0.02−0.02 18.03+0.05−0.05 2.40+0.01−0.02 20.36+0.05−0.01
W 1.91+0.03−0.02 0.434+0.041−0.054 0.699+0.021−0.021 0.265+0.076−0.062 2.71+0.02−0.02 1.97+0.07−0.06 4.52+0.02−0.02 18.12+0.05−0.05 2.33+0.02−0.02 20.54+0.05−0.05
S ∞ 0.463+0.046−0.053 0.685+0.040−0.039 0.222+0.094−0.085 2.71+0.02−0.02 1.49+0.07−0.06 4.58+0.02−0.02 17.98+0.06−0.05 2.41+0.05−0.06 20.33+0.15−0.13
H10 F555W K66 1.77+0.06−0.03 0.572+0.054−0.078 0.866+0.038−0.034 0.294+0.116−0.089 2.35+0.02−0.02 1.47+0.10−0.07 4.51+0.03−0.03 18.14+0.07−0.08 1.98+0.04−0.04 21.40+0.11−0.10
W 2.12+0.08−0.06 0.590+0.069−0.064 0.868+0.035−0.032 0.278+0.099−0.101 2.34+0.02−0.02 1.44+0.08−0.09 4.53+0.03−0.03 18.11+0.07−0.08 1.99+0.03−0.04 21.38+0.10−0.09
S ∞ 0.613+0.036−0.042 0.833+0.040−0.039 0.219+0.082−0.075 2.34+0.02−0.02 0.97+0.06−0.05 4.53+0.03−0.02 18.11+0.05−0.07 2.06+0.06−0.05 21.20+0.14−0.14
F814W K66 1.80+0.03−0.02 0.574+0.052−0.031 0.879+0.025−0.024 0.305+0.057−0.077 2.35+0.02−0.02 1.46+0.05−0.07 4.51+0.03−0.03 18.14+0.07−0.08 1.96+0.02−0.02 21.47+0.05−0.05
W 2.46+0.10−0.06 0.564+0.048−0.042 0.950+0.033−0.030 0.386+0.075−0.078 2.34+0.02−0.02 1.47+0.06−0.07 4.53+0.03−0.03 18.11+0.07−0.08 1.83+0.03−0.03 21.79+0.09−0.08
S ∞ 0.563+0.043−0.055 0.865+0.043−0.041 0.302+0.098−0.085 2.34+0.02−0.02 0.98+0.07−0.06 4.53+0.03−0.02 18.11+0.05−0.07 2.00+0.06−0.06 21.37+0.15−0.15
U137 F555W K66 1.40+0.03−0.03 0.220+0.011−0.021 0.511+0.036−0.022 0.291+0.057−0.033 3.01+0.02−0.03 2.48+0.04−0.04 4.49+0.02−0.02 18.19+0.05−0.05 2.67+0.02−0.05 19.68+0.13−0.06
W 1.89+0.04−0.05 0.203+0.022−0.014 0.535+0.026−0.025 0.332+0.040−0.047 3.01+0.03−0.02 2.50+0.04−0.05 4.49+0.02−0.02 18.20+0.05−0.05 2.62+0.03−0.03 19.80+0.08−0.07
S ∞ 0.113+0.046−0.055 0.509+0.090−0.085 0.395+0.145−0.131 3.02+0.03−0.05 2.08+0.08−0.09 4.49+0.04−0.04 18.21+0.10−0.11 2.67+0.13−0.14 19.68+0.34−0.32
F814W K66 1.47+0.01−0.01 0.179+0.017−0.028 0.526+0.014−0.013 0.347+0.041−0.030 3.01+0.02−0.03 2.53+0.05−0.04 4.49+0.02−0.02 18.19+0.05−0.05 2.64+0.01−0.01 19.75+0.02−0.02
W 1.69+0.01−0.01 0.231+0.027−0.037 0.495+0.020−0.010 0.264+0.057−0.037 3.01+0.03−0.02 2.47+0.06−0.05 4.49+0.02−0.02 18.20+0.05−0.05 2.70+0.01−0.02 19.60+0.05−0.01
S ∞ 0.263+0.043−0.051 0.452+0.038−0.037 0.188+0.089−0.080 3.02+0.03−0.05 2.02+0.08−0.09 4.49+0.04−0.04 18.21+0.10−0.11 2.78+0.03−0.03 19.40+0.08−0.09
aThe model tidal radius rt in parsecs.
bThe projected core radius of the model fitting a cluster, defined as I(Rc) = I0/2.
cThe projected half-light, or effective, radius of a model, containing half the total luminosity in projection.
dA measure of cluster concentration and relatively more model-independent than W0 or c.
eThe best-fit central (R = 0) luminosity surface density in the V band, defined as log I0 = 0.4(26.358−µV,0), where 26.358 is the “Coefficient” corresponding to a solar absolute magnitude MV,⊙ = +4.786 (C. Willmer, private communication).
fThe central (r = 0) luminosity volume density in the V band.
gThe V-band total integrated model luminosity.
hThe total V-band magnitude of a model cluster, defined as Vtot = 4.786 − 2.5 log(LV /L⊙) + 5 log(D/10 pc).
iThe luminosity surface density averaged over the half-light/effective radius in the V band, defined as log Ih ≡ log(LV /2πR2h).jThe surface brightness in magnitude over the half-light/effective radius in the V band, defined as 〈µV 〉h = 26.358 − 2.5 log Ih .
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TABLE 5
Derived Dynamical Parameters of 10 Halo Globular Clusters inM33
ID Band ΥpopV a Model log Mtotb log Ebc logΣ0d log ρ0e logΣh f logσp,0g log νesc,0h log tr,h i log f0j
(M⊙ L−1⊙,V ) (M⊙) (erg) (M⊙ pc−2) (M⊙ pc−3) (M⊙ pc−2) (km s−1) (km s−1) (yr) (M⊙ (pc km s−1)−3)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
U49 F555W 1.879+0.253−0.213 K66 5.70+0.06−0.06 50.98+0.22−0.21 3.65+0.06−0.06 2.79+0.06−0.06 3.36+0.05−0.05 0.846+0.028−0.027 1.385+0.028−0.027 9.51+0.06−0.06 −0.999+0.028−0.029
W 5.68+0.06−0.06 50.92+0.22−0.21 3.65+0.06−0.06 2.81+0.07−0.06 3.33+0.05−0.05 0.833+0.027−0.026 1.395+0.027−0.027 9.51+0.06−0.06 −0.943+0.052−0.032
S 5.70+0.07−0.06 51.00+0.23−0.21 3.66+0.06−0.06 2.36+0.08−0.08 3.41+0.07−0.07 0.835+0.028−0.026 1.422+0.029−0.026 9.47+0.09−0.09 −1.442+0.080−0.075
F814W 1.879+0.253−0.213 K66 5.70+0.06−0.06 50.84+0.23−0.22 3.65+0.06−0.06 2.87+0.07−0.08 3.31+0.06−0.05 0.806+0.028−0.027 1.370+0.028−0.027 9.54+0.06−0.06 −0.788+0.071−0.080
W 5.68+0.06−0.06 50.90+0.25−0.22 3.65+0.06−0.06 2.82+0.09−0.08 3.35+0.05−0.05 0.831+0.032−0.028 1.392+0.032−0.027 9.50+0.06−0.06 −0.937+0.125−0.091
S 5.70+0.07−0.06 50.84+0.23−0.21 3.66+0.06−0.06 2.42+0.08−0.08 3.29+0.08−0.08 0.796+0.028−0.026 1.386+0.029−0.026 9.56+0.10−0.09 −1.220+0.084−0.067
R12 F555W 1.913+0.255−0.217 K66 5.67+0.06−0.06 50.97+0.22−0.21 4.55+0.06−0.06 4.39+0.07−0.06 3.85+0.06−0.09 0.937+0.028−0.026 1.543+0.028−0.027 9.10+0.07−0.10 0.363+0.037−0.042
W 5.71+0.06−0.06 51.01+0.22−0.21 4.55+0.06−0.06 4.36+0.06−0.06 3.79+0.14−0.07 0.957+0.028−0.026 1.565+0.028−0.026 9.20+0.14−0.08 0.258+0.029−0.038
S 5.62+0.06−0.06 50.37+0.22−0.21 4.56+0.06−0.06 4.32+0.08−0.08 3.94+0.09−0.09 0.753+0.027−0.027 1.412+0.027−0.026 8.99+0.11−0.11 1.017+0.079−0.057
F814W 1.913+0.255−0.217 K66 5.67+0.06−0.06 50.97+0.22−0.21 4.55+0.06−0.06 4.39+0.07−0.07 3.85+0.10−0.13 0.937+0.027−0.027 1.543+0.028−0.026 9.10+0.11−0.13 0.363+0.045−0.071
W 5.71+0.06−0.06 51.01+0.22−0.21 4.55+0.06−0.06 4.36+0.07−0.06 3.79+0.14−0.12 0.957+0.027−0.026 1.565+0.028−0.026 9.21+0.14−0.12 0.258+0.041−0.037
S 5.62+0.06−0.06 50.37+0.22−0.22 4.56+0.06−0.06 4.32+0.09−0.08 3.94+0.09−0.09 0.753+0.027−0.027 1.412+0.028−0.026 8.99+0.11−0.11 1.017+0.092−0.063
R14 F555W 2.532+0.309−0.338 K66 6.09+0.06−0.07 51.39+0.21−0.26 5.61+0.06−0.07 6.10+0.06−0.07 4.71+0.15−0.15 1.147+0.026−0.033 1.781+0.027−0.034 8.96+0.15−0.16 1.450+0.032−0.031
W 6.25+0.06−0.07 51.58+0.21−0.25 5.61+0.06−0.07 6.00+0.06−0.08 4.22+0.19−0.24 1.190+0.027−0.032 1.822+0.029−0.033 9.52+0.19−0.23 1.213+0.028−0.041
S 6.10+0.10−0.11 49.03+0.30−0.33 5.57+0.06−0.07 7.64+0.07−0.08 4.70+0.19−0.17 0.307+0.036−0.041 1.229+0.026−0.033 8.98+0.24−0.23 6.632+0.029−0.033
F814W 2.532+0.309−0.338 K66 6.09+0.06−0.07 51.78+0.21−0.26 5.61+0.06−0.07 5.95+0.06−0.07 4.61+0.16−0.15 1.222+0.026−0.033 1.850+0.027−0.035 9.03+0.16−0.16 1.076+0.029−0.031
W 6.25+0.06−0.07 51.86+0.21−0.26 5.61+0.06−0.07 5.90+0.06−0.07 4.12+0.21−0.25 1.240+0.026−0.032 1.870+0.028−0.033 9.59+0.20−0.24 0.964+0.031−0.037
S 6.10+0.10−0.11 49.21+0.27−0.30 5.57+0.06−0.07 7.51+0.06−0.08 4.68+0.18−0.16 0.359+0.034−0.038 1.248+0.027−0.033 8.99+0.24−0.22 6.272+0.027−0.035
M9 F555W 2.027+0.268−0.246 K66 5.25+0.06−0.06 50.27+0.22−0.23 3.82+0.06−0.06 3.33+0.07−0.08 3.45+0.08−0.06 0.739+0.027−0.028 1.302+0.027−0.028 8.91+0.09−0.07 −0.120+0.054−0.059
W 5.25+0.06−0.06 50.28+0.22−0.22 3.81+0.06−0.06 3.31+0.07−0.07 3.46+0.06−0.06 0.747+0.027−0.028 1.319+0.027−0.028 8.92+0.07−0.07 −0.184+0.060−0.050
S 5.23+0.07−0.06 50.21+0.23−0.23 3.83+0.06−0.06 2.90+0.10−0.09 3.50+0.13−0.08 0.722+0.029−0.029 1.306+0.031−0.030 8.86+0.16−0.09 −0.526+0.125−0.102
F814W 2.027+0.268−0.246 K66 5.25+0.06−0.06 50.16+0.22−0.22 3.82+0.06−0.06 3.38+0.06−0.07 3.46+0.06−0.07 0.716+0.028−0.028 1.286+0.028−0.028 8.90+0.07−0.07 −0.002+0.033−0.048
W 5.25+0.06−0.06 50.18+0.22−0.22 3.81+0.06−0.06 3.35+0.07−0.07 3.48+0.06−0.06 0.725+0.027−0.028 1.303+0.027−0.029 8.90+0.07−0.06 −0.073+0.044−0.039
S 5.23+0.07−0.06 50.04+0.22−0.23 3.83+0.06−0.06 2.97+0.09−0.09 3.52+0.14−0.08 0.685+0.028−0.028 1.277+0.029−0.029 8.84+0.17−0.09 −0.329+0.108−0.086
U77 F555W 2.370+0.293−0.310 K66 5.36+0.06−0.07 50.32+0.21−0.24 3.54+0.06−0.07 2.85+0.08−0.08 3.14+0.08−0.08 0.699+0.026−0.030 1.264+0.025−0.030 9.27+0.09−0.09 −0.482+0.091−0.070
W 5.37+0.06−0.07 50.29+0.21−0.24 3.53+0.06−0.07 2.86+0.08−0.08 3.07+0.09−0.09 0.689+0.026−0.031 1.275+0.025−0.030 9.35+0.10−0.10 −0.451+0.094−0.074
S 5.36+0.06−0.07 50.26+0.21−0.24 3.56+0.05−0.06 2.45+0.07−0.07 3.16+0.08−0.09 0.677+0.026−0.031 1.269+0.026−0.031 9.26+0.10−0.10 −0.821+0.065−0.037
F814W 2.370+0.293−0.310 K66 5.36+0.06−0.07 50.18+0.21−0.25 3.54+0.06−0.07 2.94+0.09−0.09 2.99+0.12−0.06 0.654+0.027−0.031 1.245+0.026−0.031 9.39+0.12−0.07 −0.250+0.102−0.084
W 5.37+0.06−0.07 50.17+0.21−0.26 3.53+0.06−0.07 2.94+0.09−0.10 2.71+0.22−0.16 0.647+0.028−0.034 1.255+0.026−0.032 9.61+0.20−0.15 −0.232+0.118−0.125
S 5.36+0.06−0.07 50.18+0.20−0.24 3.56+0.05−0.06 2.49+0.06−0.07 3.17+0.08−0.09 0.658+0.025−0.031 1.253+0.025−0.030 9.26+0.10−0.10 −0.720+0.038−0.045
H38 F555W 2.283+0.282−0.292 K66 5.28+0.05−0.06 50.31+0.20−0.24 3.76+0.05−0.06 3.23+0.06−0.07 3.39+0.05−0.06 0.736+0.026−0.030 1.299+0.026−0.030 9.00+0.06−0.07 −0.217+0.029−0.032
W 5.29+0.05−0.06 50.32+0.21−0.24 3.76+0.05−0.06 3.20+0.07−0.08 3.40+0.05−0.06 0.743+0.026−0.030 1.316+0.026−0.030 9.00+0.06−0.06 −0.281+0.066−0.066
S 5.29+0.06−0.06 50.31+0.23−0.25 3.76+0.05−0.06 2.74+0.09−0.09 3.45+0.07−0.08 0.729+0.029−0.032 1.317+0.030−0.032 8.96+0.09−0.09 −0.712+0.119−0.102
F814W 2.283+0.282−0.292 K66 5.28+0.05−0.06 50.29+0.20−0.24 3.76+0.05−0.06 3.23+0.06−0.07 3.41+0.05−0.06 0.735+0.025−0.030 1.296+0.025−0.030 8.98+0.06−0.07 −0.215+0.039−0.037
W 5.29+0.05−0.06 50.24+0.20−0.24 3.76+0.05−0.06 3.24+0.06−0.07 3.37+0.05−0.06 0.724+0.025−0.030 1.305+0.025−0.030 9.03+0.06−0.07 −0.178+0.045−0.031
S 5.29+0.06−0.06 50.12+0.23−0.24 3.76+0.05−0.06 2.83+0.09−0.08 3.39+0.08−0.09 0.681+0.029−0.030 1.276+0.030−0.030 9.01+0.10−0.10 −0.443+0.123−0.075
C20 F555W 1.964+0.258−0.229 K66 5.00+0.06−0.06 49.53+0.22−0.22 2.75+0.06−0.06 1.74+0.07−0.07 2.54+0.06−0.05 0.472+0.027−0.027 0.983+0.027−0.027 9.31+0.07−0.06 −0.949+0.064−0.070
W 5.00+0.06−0.06 49.54+0.23−0.22 2.75+0.06−0.06 1.71+0.08−0.07 2.55+0.06−0.06 0.480+0.029−0.028 1.000+0.029−0.028 9.30+0.07−0.07 −1.015+0.096−0.074
S 5.04+0.06−0.06 49.63+0.23−0.23 2.75+0.06−0.06 1.30+0.08−0.08 2.57+0.07−0.07 0.452+0.028−0.028 1.047+0.028−0.028 9.33+0.08−0.08 −1.363+0.090−0.083
F814W 1.964+0.258−0.229 K66 5.00+0.06−0.06 49.57+0.24−0.22 2.75+0.06−0.06 1.72+0.09−0.07 2.54+0.05−0.05 0.484+0.032−0.027 0.986+0.031−0.027 9.31+0.06−0.06 −1.016+0.129−0.068
W 5.00+0.06−0.06 49.54+0.23−0.23 2.75+0.06−0.06 1.72+0.08−0.08 2.54+0.05−0.05 0.478+0.029−0.029 1.000+0.029−0.028 9.31+0.06−0.06 −1.002+0.096−0.092
S 5.04+0.06−0.06 49.57+0.24−0.23 2.75+0.06−0.06 1.31+0.09−0.08 2.53+0.08−0.07 0.444+0.031−0.028 1.033+0.031−0.028 9.36+0.08−0.08 −1.322+0.119−0.087
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TABLE 5
(Continued)
ID Band ΥpopV a Model log Mtotb log Ebc logΣ0d log ρ0e logΣh f logσp,0g log νesc,0h log tr,h i log f0j
(M⊙ L−1⊙,V ) (M⊙) (erg) (M⊙ pc−2) (M⊙ pc−3) (M⊙ pc−2) (km s−1) (km s−1) (yr) (M⊙ (pc km s−1)−3)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
C38 F555W 1.914+0.245−0.235 K66 4.84+0.06−0.06 49.35+0.23−0.23 2.99+0.06−0.06 2.23+0.09−0.07 2.70+0.05−0.06 0.464+0.030−0.029 1.003+0.029−0.028 9.00+0.06−0.06 −0.418+0.115−0.066
W 4.81+0.06−0.06 49.28+0.22−0.24 3.00+0.06−0.06 2.26+0.08−0.09 2.69+0.06−0.06 0.452+0.028−0.031 1.012+0.027−0.030 8.97+0.07−0.06 −0.353+0.094−0.104
S 4.86+0.06−0.06 49.29+0.24−0.24 2.99+0.06−0.06 1.82+0.09−0.08 2.64+0.08−0.08 0.430+0.031−0.030 1.019+0.031−0.030 9.07+0.09−0.09 −0.734+0.126−0.096
F814W 1.914+0.245−0.235 K66 4.84+0.06−0.06 49.37+0.23−0.23 2.99+0.06−0.06 2.23+0.09−0.08 2.68+0.06−0.06 0.465+0.030−0.029 1.007+0.029−0.029 9.02+0.07−0.06 −0.422+0.116−0.076
W 4.81+0.06−0.06 49.34+0.24−0.24 3.00+0.06−0.06 2.25+0.09−0.08 2.61+0.06−0.06 0.459+0.031−0.030 1.024+0.030−0.030 9.03+0.07−0.07 −0.379+0.130−0.097
S 4.86+0.06−0.06 49.42+0.24−0.24 2.99+0.06−0.06 1.77+0.09−0.08 2.69+0.08−0.08 0.459+0.030−0.030 1.046+0.031−0.031 9.03+0.09−0.09 −0.893+0.122−0.102
H10 F555W 2.393+0.294−0.313 K66 4.89+0.06−0.07 49.26+0.26−0.27 2.72+0.05−0.06 1.85+0.11−0.10 2.36+0.07−0.07 0.391+0.039−0.035 0.950+0.034−0.033 9.32+0.09−0.09 −0.569+0.192−0.133
W 4.90+0.06−0.07 49.27+0.24−0.29 2.72+0.05−0.06 1.82+0.10−0.11 2.37+0.06−0.07 0.399+0.034−0.039 0.968+0.031−0.037 9.32+0.08−0.09 −0.628+0.155−0.169
S 4.90+0.06−0.06 49.32+0.22−0.25 2.72+0.05−0.06 1.35+0.08−0.08 2.44+0.07−0.08 0.398+0.027−0.031 0.984+0.027−0.031 9.27+0.09−0.09 −1.131+0.095−0.082
F814W 2.393+0.294−0.313 K66 4.89+0.06−0.07 49.27+0.21−0.27 2.72+0.05−0.06 1.84+0.07−0.09 2.33+0.05−0.06 0.392+0.026−0.034 0.953+0.025−0.034 9.34+0.07−0.08 −0.572+0.075−0.126
W 4.90+0.06−0.07 49.27+0.21−0.26 2.72+0.05−0.06 1.85+0.08−0.09 2.21+0.06−0.07 0.385+0.028−0.034 0.971+0.026−0.033 9.45+0.08−0.08 −0.548+0.102−0.116
S 4.90+0.06−0.06 49.29+0.23−0.26 2.72+0.05−0.06 1.36+0.09−0.09 2.38+0.08−0.09 0.387+0.030−0.032 0.974+0.031−0.033 9.32+0.09−0.09 −1.069+0.127−0.101
U137 F555W 3.292+0.433−0.483 K66 5.01+0.06−0.07 49.80+0.21−0.28 3.53+0.06−0.07 3.00+0.07−0.08 3.19+0.08−0.07 0.617+0.027−0.035 1.174+0.027−0.036 8.83+0.08−0.08 −0.093+0.050−0.039
W 5.01+0.06−0.07 49.75+0.22−0.28 3.52+0.06−0.07 3.01+0.07−0.08 3.14+0.06−0.08 0.606+0.028−0.034 1.184+0.028−0.035 8.87+0.07−0.08 −0.054+0.036−0.058
S 5.00+0.07−0.08 49.70+0.22−0.28 3.54+0.06−0.09 2.60+0.10−0.11 3.19+0.15−0.15 0.585+0.027−0.035 1.175+0.029−0.035 8.83+0.16−0.16 −0.410+0.105−0.084
F814W 3.292+0.433−0.483 K66 5.01+0.06−0.07 49.72+0.22−0.28 3.53+0.06−0.07 3.04+0.07−0.08 3.16+0.05−0.07 0.596+0.027−0.035 1.164+0.027−0.035 8.86+0.06−0.07 0.019+0.064−0.045
W 5.01+0.06−0.07 49.78+0.22−0.28 3.52+0.06−0.07 2.98+0.08−0.09 3.22+0.06−0.07 0.621+0.027−0.035 1.185+0.027−0.034 8.81+0.07−0.07 −0.137+0.082−0.066
S 5.00+0.07−0.08 49.86+0.23−0.28 3.54+0.06−0.09 2.53+0.10−0.12 3.30+0.06−0.08 0.625+0.028−0.035 1.212+0.028−0.035 8.74+0.09−0.10 −0.632+0.110−0.085
aThe V-band mass-to-light ratio.
bThe integrated cluster mass, estimated as log Mtot = logΥpopV + log LV .
cThe integrated binding energy in ergs, defined as Eb ≡ −(1/2)
∫ rt
0 4πr
2ρφdr.
dThe central surface mass density, estimated as logΣ0 = logΥpopV + log I0 .
eThe central volume density, estimated as log ρ0 = logΥpopV + log j0.
fThe surface mass density averaged over the half-light/effective radius Rh, estimated as logΣh = logΥpopV + log Ih .gThe predicted line-of-sight velocity dispersion at the cluster center.
hThe predicted central “escape” velocity with which a star can move out from the center of a cluster, defined as ν2
esc,0/σ
2
0 = 2[W0 +GMtot/rtσ20].
iThe two-body relaxation time at the model-projected half-mass radius, estimated as tr,h = 2.06×10
6yr
ln(0.4Mtot/m⋆)
M1/2tot R
3/2
h
m⋆
. m⋆ is the average stellar mass in a cluster, assumed to be 0.5M⊙.
jThe model’s central phase-space density, defined as log f0 ≡ log[ρ0/(2πσ2c )3/2].
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TABLE 6
Galactocentric Radii and κ−Space Parameters of 10 Halo Globular Clusters inM33
ID Band Model Rgc κm,1 κm,2 κm,3
(kpc)
(1) (2) (3) (4) (5) (6) (7)
U49 F555W K66 2.1 −0.382+0.042−0.040 4.348+0.067−0.064 0.323+0.001−0.001
W −0.395+0.039−0.039 4.307+0.067−0.064 0.322+0.007−0.001
S −0.414+0.043−0.043 4.388+0.088−0.086 0.297+0.005−0.001
F814W K66 2.1 −0.420+0.039−0.037 4.265+0.068−0.066 0.292+0.011−0.013
W −0.404+0.042−0.037 4.326+0.070−0.065 0.315+0.024−0.017
S −0.428+0.044−0.047 4.234+0.097−0.094 0.286+0.003−0.007
R12 F555W K66 1.0 −0.437+0.047−0.054 4.928+0.075−0.103 0.297+0.011−0.017
W −0.370+0.075−0.047 4.872+0.146−0.081 0.324+0.034−0.011
S −0.743+0.054−0.059 4.877+0.108−0.102 0.072+0.011−0.018
F814W K66 1.0 −0.436+0.058−0.058 4.924+0.113−0.146 0.298+0.024−0.023
W −0.369+0.070−0.064 4.868+0.148−0.133 0.325+0.029−0.030
S −0.742+0.052−0.058 4.872+0.108−0.101 0.073+0.009−0.017
R14 F555W K66 0.6 −0.293+0.080−0.089 5.887+0.162−0.160 0.170+0.040−0.044
W −0.001+0.098−0.112 5.387+0.199−0.248 0.314+0.056−0.060
S −1.474+0.135−0.132 5.188+0.191−0.172 −0.800+0.056−0.051
F814W K66 0.6 −0.154+0.084−0.090 5.851+0.168−0.160 0.284+0.044−0.045
W 0.104+0.101−0.118 5.327
+0.215
−0.258 0.400
+0.059
−0.066
S −1.395+0.130−0.123 5.213+0.187−0.169 −0.735+0.051−0.042
M9 F555W K66 2.2 −0.724+0.048−0.043 4.441+0.091−0.076 0.305+0.011−0.002
W −0.712+0.041−0.043 4.455+0.073−0.074 0.310+0.001−0.002
S −0.771+0.061−0.045 4.484+0.159−0.096 0.275+0.009−0.001
F814W K66 2.2 −0.761+0.047−0.046 4.437+0.075−0.078 0.275+0.011−0.006
W −0.750+0.044−0.042 4.457+0.074−0.069 0.279+0.006−0.001
S −0.828+0.067−0.048 4.470+0.162−0.097 0.228+0.016−0.006
U77 F555W K66 1.3 −0.634+0.041−0.050 4.074+0.095−0.095 0.315+0.004−0.007
W −0.614+0.045−0.051 3.984+0.108−0.105 0.322+0.004−0.007
S −0.669+0.045−0.058 4.073+0.096−0.098 0.284+0.007−0.014
F814W K66 1.3 −0.640+0.048−0.044 3.876+0.135−0.079 0.310+0.014−0.007
W −0.548+0.078−0.059 3.588+0.246−0.180 0.376+0.039−0.017
S −0.697+0.052−0.056 4.063+0.094−0.100 0.261+0.014−0.011
H38 F555W K66 2.7 −0.694+0.039−0.045 4.370+0.062−0.073 0.308+0.001−0.002
W −0.683+0.036−0.042 4.383+0.063−0.073 0.313+0.010−0.009
S −0.722+0.037−0.044 4.422+0.093−0.102 0.284+0.013−0.005
F814W K66 2.7 −0.703+0.038−0.044 4.391+0.062−0.073 0.301+0.003−0.001
W −0.700+0.038−0.046 4.336+0.063−0.073 0.299+0.003−0.003
S −0.768+0.038−0.049 4.321+0.100−0.105 0.246+0.011−0.005
C20 F555W K66 3.8 −0.866+0.039−0.038 3.342+0.070−0.066 0.333+0.006−0.011
W −0.858+0.038−0.039 3.360+0.071−0.071 0.337+0.015−0.008
S −0.893+0.040−0.040 3.355+0.090−0.087 0.286+0.002−0.002
F814W K66 3.8 −0.850+0.041−0.038 3.352+0.068−0.067 0.346+0.026−0.010
W −0.858+0.038−0.038 3.351+0.069−0.070 0.336+0.017−0.015
S −0.888+0.038−0.041 3.305+0.098−0.092 0.290+0.007−0.001
C38 F555W K66 4.3 −0.992+0.039−0.040 3.538+0.066−0.070 0.321+0.022−0.010
W −1.017+0.037−0.041 3.524+0.072−0.071 0.320+0.012−0.019
S −1.011+0.038−0.043 3.445+0.107−0.103 0.293+0.005−0.001
F814W K66 4.3 −0.982+0.037−0.040 3.516+0.074−0.070 0.328+0.016−0.012
W −0.979+0.038−0.040 3.444+0.076−0.077 0.351+0.020−0.011
S −0.988+0.038−0.042 3.519+0.100−0.098 0.312+0.007−0.004
H10 F555W K66 2.6 −0.956+0.039−0.043 3.118+0.098−0.096 0.320+0.030−0.017
W −0.943+0.036−0.045 3.132+0.089−0.097 0.323+0.023−0.027
S −0.970+0.038−0.047 3.202+0.093−0.101 0.301+0.004−0.002
F814W K66 2.6 −0.946+0.037−0.043 3.092+0.069−0.084 0.329+0.011−0.021
W −0.905+0.036−0.043 2.953+0.080−0.090 0.354+0.012−0.015
S −0.962+0.036−0.045 3.127+0.101−0.107 0.308+0.010−0.001
U137 F555W K66 3.2 −0.887+0.047−0.055 4.125+0.087−0.087 0.308+0.011−0.009
W −0.885+0.047−0.052 4.065+0.072−0.091 0.311+0.010−0.003
S −0.934+0.067−0.084 4.099+0.166−0.160 0.273+0.020−0.033
F814W K66 3.2 −0.906+0.039−0.051 4.076+0.067−0.085 0.292+0.006−0.001
W −0.893+0.039−0.049 4.159+0.071−0.085 0.305+0.006−0.008
S −0.918+0.041−0.059 4.247+0.082−0.093 0.286+0.012−0.005
